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OCCIDENTAL OF ELK HILLS, INC. 

TULARE AQUIFER EXEMPTION DOCUMENT 

ELK HILLS FIELD 

EXECUTIVE SUMMARY 

As stated in Section 3106 of Article 2 in Chapter 1 of Division 3 of the State of California Public 
Resources Code, the Supervisor of the Division of Oil, Gas and Geothermal Resources (DOGGR) 
is directed to administer the DOGGR so as to encourage the wise development of oil and gas 
resources to best meet oil and gas needs in this state. Injection of produced water is a necessary 
part of the development of these resources. To allow for continued oilfield development of the 
Elk Hills field, Occidental of El k Hills, Inc., ( 0 EHI) is providing documentation for the aquifer 
exemption of the Tulare Formation. The project area, referred to in this document as the Elk Hills 
Tulare aquifer exemption area , is shown in light green area on the following map . The Tulare 
aquifer exemption is for the purpose of continuing Class II1 Underground Injection Control (UIC) 
operations in the Elk Hills field The Tulare aquifer exemption interval includes all ofthe saturated 
upper Tulare zone and both the unsaturated and saturated lower Tulare zone below the Amnicola 
claystone confining zone. The Tulare Formation is already an exempt aquifer in all or portions of 
the surrounding fields, as shown on the following map. 

Map of the Elk Hills Tulare Aquifer Exemption Area and Tulare Exemptions in Nearby Fields 

1 As defined on the DOGGR home page, Class II UIC wells inject fluids associated with oil and natural gas production 
operations. Most of the injected fluid is brine that is produced when oil and gas are extracted from the earth. Cia II 
UIC wells also inject fluids for enhanced oil recovery or storage of liquid hydrocarbons. 
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Based on 40 Code of Federal Regulations (CFR) §146.4, the Tulare aquifer exemption is justified 
on the following grounds (checked if applicable to OEHI): 

{a) It does not currently serve as a source of drinking water, and 

{b) 

{ 

It cannot now and will not in the future serve as a source of drinking water because: 

(1) It is hydrocarbon-producing or can be demonstrated by the permit applicant as part of 
a permit application for a Class II operation to contain minerals or hydrocarbons that 
considering their quantity and location are expected to be commercially producible. 

(2) It is situated at a depth or location which makes recovery of water for drinking water 
purposes economically or technologically impractical; 

(3) It is so contaminated that it would be economical ly or technologically impractical to 
render that water fit for human consumption; or 

( 4) It is located over a Class III well mining area subject to subsidence or catastrophic 
collapse; or 

_j_ c) The total dissolved solids (TDS) content of the groundwater is more than 3,000 and less 
than 10,000 milligrams/liter (mg/1) and it is not reasonably expected to supply a public water 
system. 

The Tulare aquifer exemption area originally consisted of 72.4 square miles, or about 99% of the 
Elk Hills field. After meetings and discussions between OEHI, San Joaquin Energy Consultants 
(SJEC), and representatives from the West Kern Water District (WKWD), the Kern County Water 
Agency (KCWA), and the Kern Water Bank Authority (KWBA), the northeastern flank area of 
the Elk H ills field was excluded from the Tulare aquifer exemption area. The Tulare aquifer 
exemption area currently consists of about 59.0 square miles, or about 80% of the Elk Hills field. 

The following reasons support an aquifer exemption of the Tulare Formation within the area of 
review, which is defined as the 59.0-square mile Elk Hills Tulare aquifer exemption area plus a 
buffer zone with a fixed distance of0.25 mile. 

1. The WKWD, the local waterprovider in the area, has declared that the Tulare Formation within 
the Elk Hills aquifer exemption area does not currently serve as a source of drinking water and 
will not reasonably be expected to supply a public water system. 

2. The Tulare Formation in the Elk Hills field was referred to and treated as an exempt aquifer 
by the U.S. Environmental Protect ion Agency (EPA) when it authorized Class I 2 non
hazardous injection in two Tulare disposal wells for Elk Hills Power, LLC, under UIC Permit 
#CA200002. In addressing public comments received during the review process, the EPA 
wrote that it" ... had made the determination that the Tulare Formation within the Area of 

2 According to the DOGGR website, Class I UIC injection wells inject hazardous and non -hazardous wastes below 
the lowennost underground source of drinking water (USDW). Injection occurs into deep, isolated rock formations 
that are separated from the lowermost USDW by layers of impermeable clay and rock. 
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Review is an exempt aquifer." The area of review for the Elk Hills Power UIC permit was in 
section 18, T31 S/R24E3

, which has Tulare groundwater that is comparable in its poor quality 
to other areas of the Elk Hills field. The original UIC permit, dated Febmary 21, 2001, was 
later modified to authorize two additional Tulare injection wells on June 3, 2004. Nearly 35 
million barrels (bbls) of industrial, nonhazardous fluids produced during the operation of the 
Elk Hills Power Plant were injected into the Tulare Formation in the 18G area. 

3. The Tulare Formation has been used since July 1981 for injection of produced wrt. Although 
this was after the DOGGR' s submittal of its 1981 Primacy Applicatimf, it was well before the 
EPA granted the DOGGRprimacy on September 29, 1982. In this 14 -month interim, the 
Tulare Formation in the Elk Hills field was not part of any amen dment to the Primacy 
Application. As a result, it was omitted as an exempt aquifer based on being a non 
hydrocarbon producing zone used for wastewater disposal. 

4. A large portion of the Tulare Formation within the Elk Hills field has been regularly descrbed 
and treated by the DOGGR as an exempt aquifer for Class II UIC injection. Two Class II 
injection projects and several project expansions were approved by the DOGGR. More than 
130 Tulare wastewater disposal wells have been permitted since July 1981, t hrough which 
more than one billion bbls of Class II formation water have been disposed. Past and current 
Class II injection operations in the project area have contributed to groundwater degradation 
in the Tulare aquifer exemption area. Naturally saline produced water disposed in the Tulare 
Formation has TDS concentrations in excess of28,000 mg/1 as well as high concentrations of 
iron, chloride, and boron. 

5. The Tulare Formation in the Elk Hills field has produced oil since 1975 and was documented 
as a March 1975 discovery in the DOGGR's 1998 version of California Oil and Gas Fields. 
Although the March 1975 discovery pre -dates the DOGGR's 1981 Primacy Application, the 
Tulare Formation in the Elk Hills field was not included as an exempt aquifer based on 
hydrocarbon production when primacy was granted on September 29, 1982. 

6. The Tulare aquifer exemption area is adjacent to oil fields in which all or part of this formation 
has been exempted based on being used for disposal of naturally saline Class II wastewater 
and/or commercial oil and gas production. The Tulare Formation is stratigraphically 
continuous throughout the proposed aquifer exemption area and with the adjacent fields in 
which it already is an exempt aquifer. 

7. The Tulare Formation in the Elk Hills field locally contains groundwater that has TDS 
concentrations greater than 10,000 mg/1 in intervals near its base and does not meet the 
definition of a protected USDW in those intervals. 

8. Tulare groundwater in the Elk Hills fieldcontains a lead concentration that exceeds the primary 
maximum contaminant level (MCL) for drinking water and concentrations of TDS, chloride, 
and sulfate that exceed secondary MCLs. Boron, strontium, and sodium concentrations in 
Tulare groundwater are significantly in excess of regulatory thresholds for human health, 

3 T31S/R24E =G. 
4 1981 Primacy Application refers to Application for Primacy in the Regulation of Class II Injection Wells under 
Section 1425 of the Safe Water Drinking Water Act submitted to the EPA in April 1981. 

Occidental of Elk Hills, Inc. Page iii 
San Joaquin Energy Consultants, Inc.- 10/2114 

Tulare Zone Aquifer Exemption Document 
Elk Hills Tulare Final100214 Rev1.docx 

ED_001000_00029908-00004 



agricultural uses, and/or livestock watering . Iron concentrations are variable but also can 
exceed secondary MCLs and regulatory thresholds for human health, respectively. 

9. The Tulare Formation in the Elk Hills field had producible quantities of oil in the area of 
section 30, T30S/R23E5

. It currently has commercial gas production in the area of section 31, 
T30S/R24E6

, and a shut -in gas well in the 28R area. In addition, Tulare oil and gas shows 
occur in a number of wells throughout the field. However, the Tulare Formation historically 
has not been the main target of exploration and development in the Elk Hills field and therefore 
has relatively little well data to evaluate its commercial potential. Although its current and 
past production history and oil and gas shows are good indicators, commercial oil and gas 
potential in the Tulare will depend on evaluation of this zone during future drilling. 

10. The designated beneficial uses of groundwater within the area of review are municipal and 
domestic supply (MUN) 7, agricultural supply (AGR) 8

, and industrial service supply (IND) 9
. 

However, the poor quality of Tulare groundwater renders it unusable for dom estic or 
agricultural usage because: its lead concentration exceeds the California Title 22 primary MCL 
for drinking water; TDS, chloride, and sulfate concentrations exceed secondary drinking water 
MCLs; and boron, strontium, and sodium concentrations exceed regulatory thresholds for 
human health, agricultural uses, and/or livestock watering. Iron is variable but also can exceed 
the secondary MCL s for drinking water and regulatory thresholds for human health, 
respectively. The occurrence of petroleum in local areas of the Elk Hills field also contributes 
to Tulare groundwater degradation and adversely affects its designated beneficial uses. 

11. The Tulare aquifer exemption area is located in a remote and sparsely populated area of Kern 
County. Land in the Tulare aquifer exemption area is zoned as agricultural but only a small 
portion of section 13 G in the Elk Hills field is irrigated as farmland. The primary use of land 
within the area of review is related to oilfield operations. 

12. Based on water well database searches, well records review, and site reconnaissance, there are 
no known water wells located within the area of review. 

13. Domestic, agricultural, and industrial water in the Tulare aquifer exemption area is supplied 
primarily by water from the State Water Project (SWP) via the California Aqueduct and two 
WKWD well fields. According to its 1997 Groundwater Management Plan, the WKWD 
believed that: 1) its watersupplies were adequate to meet peak daily demands and future needs; 
and 2) despite potential shortages in SWP deliveries, it did not need to pursue additional 
sources of water. 

14. An evaluation of the economic feasibility of treating Tulare groundwater in the McKittrick 
area for use as drinking water concluded that treating this groundwater would cost about 12 to 

5 T30S/R23E = R. 
6 T30S/R24E = S. 
7 MUN uses of water: Community, military, or individual water supply systems including, but not limited to, driliBkg 
water supply. 
8 AGR uses of water: Farming, horticulture, or ranching, including, but not limited to, irrigation, stock watering, or 
support of vegetation for range grazing. 
9 IND uses of water: Industrial activities that do not depend primarily on Wlter quality, including, but not limited to, 
mining, cooling water supply, hydraulic conveyance, gravel washing, fire protection and oil well repressurization. 
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70 times the current potable water treatment cost per household. The EPA criteria for 
designating Tulare groundwater as Class III 10 based on economic infeasibility , were met 
because the total annual system cost per area household to treat Tulare groundwater: a) 
exceeded 0.4% of the median annual household income; b) was more than 100% of the current 
water rate; and c) was greater than the ninetieth percentile economic untreatability threshold 
of $3 79.14 per house hold. Concentrations of TDS, chloride, sulfate, boron , and sodium in 
McKittrick area groundwater are comparable to Tulare groundwater in the Elk Hills field. 
However, Elk Hills Tulare groundwater also has higher concentrations of lead and 
hydrocarbons, the removal of which would increase treatment costs and, consequently, 
increase the economic infeasibility to treat it for use as drinking water. 

15. The Tulare groundwater in the Elk Hills field has low resource value or beneficial uses except 
for its use in Class I non-hazardous and Class II UIC injection operations. 

16. Hydraulic fracturing will not be required as part of development of the Tulare Formation in 
the Elk Hills field. 

1° Class III groundwater is defined as grmmdwater that is not a source of drinking water because it consists of 
groundwater that is saline or otherwise contaminated beyond levels that would permit its use as drinking water or for 
other beneficial purposes. Class III groundwater can: 1) have a TDS concentration in excess of 10,000 mg/1; 2) be so 
contaminated by naturally occurring conditions or broad scale human activity (unrelated to a specific activity) that it 
cannot be cleaned up using treatment methods reasonably employed in public water supply systems; or 3) have 
insufficient yield to meet the m inimum needs of an average household. Both a reference technology test, which 
compares the treatment needed for the contaminated groundwater to relevant treatment technologies for public water 
treatment, and an economic untreatability test, which determin es whether treatment costs would be economically 
feasible for a hypothetical user population, are used to classify groundwater as Class III (EPA, 1988). 
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OCCIDENTAL OF ELK HILLS, INC. 

TULARE AQUIFER EXEMPTIONDOCUMENT 

ELK HILLS FIELD 

A. OPERA TOR INFORMATION 

Occidental of Elk Hills, Inc. 
28590 Highway 119 
P. 0. Box 1001 
Tupman, California 93276-1001 
Phone:(661)763-6000 

B. EXEMPTION AREA DESCRIPTION 

The Tulare aquifer exemption area is located on the western side of the southern San Joaquin 
Valley (Exhibit 1 ). The Elk Hills Tulare aquifer exemption area originally was 72.4 square 
miles and included about 99% of the Elk Hills field lying within the DOGGR' s administrative 
field limits. After meetings and discussions between OEHI, SJEC, and representatives of the 
WKWD, the KCWA,and the KWBA, thenortheastern flank of the Elk Hills field was excluded 
from the Tulare aquifer exemption area, reducing thetotal area to about 80% of the field. The 
Tulare aquifer exemption area currently consists of about 59.0 square miles, or 37,780.2 acres, 
and includes nearly all of the Elk Hills field lying within the DOGGR' s administrative limits, 
with the exception of the following areas (Exhibit 2): 

Township 30 South, Range 24 East(= S) 
All of section 17 
All of section 18 
All of section 19 
All of section 20 
All of section 21 
All of section 22 
South 1/2 of the Southwest 1/4 of Section 25 
All of section 26 
All of section 27 
All of section 28 
All of section 29 
All of section 30 
All of section 34 
All of section 35 
All of section 36 
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Township 30 South, Range 25 East(= T) 
The following portions of Section 31: 

South 1/2 of Southwest 1/4 of Northwest 1/4 
Southwest 1/4 

The area of review for this document consists of the 59. 0-square mile Tulare aquifer exemption 
area plus a buffer zone with a fixed distance of0.25 mile, as shown on Exhibit 1 and Exhibit 
2. 

The Tulare aquifer exemption interval consists of all of the saturated upper Tulare zone and 
both the unsaturated and saturated lower Tulare zone below the Amnicola claystone confining 
zone. 

The following is a description of the Tulare aquifer exemption area: 

Township 30 South, Range 22 East(= Z) 
The following portions of Section 10: 

North 1/2 
North 1/2 of Southeast 1/4 

South 1/2 of Section 11: 
All of Section 13 
The following portions of Section 14: 

North 1/2 
Southeast 1/4 

The following portions of Section 23: 
Northeast 1/4 
North 1/2 of Southeast 1/4 
Southeast 1/4 of Southeast 1/4 

All of Section 24 
Northeast 1/4 of Section 25 

Township 30 South, Range 23 East(= R) 
All of Section 7 
All of Section 8 
All of Section 13 
All of Section 14 
All of Section 15 
All of Section 16 
All of Section 17 
All of Section 18 
All of Section 19 
All of Section 20 
All of Section 21 
All of Section 22 
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All of Section 23 
All of Section 24 
All of Section 25 
All of Section 26 
All of Section 27 
All of Section 28 
All of Section 29 
All of Section 30 
All of Section 32 
All of Section 33 
All of Section 34 
All of Section 35 
All of Section 36 

Township 30 South, Range 24 East(= S) 
All of Section 31 
All of Section 32 
All of Section 33 

Township 31 South, Range 23 East(= B) 
All of Section 1 
All of Section 2 
All of Section 3 
All of Section 4 
All of Section 10 
All of Section 11 
All of Section 12 
All of Section 13 

Township 31 South, Range 24 East(= G) 
All of Section 1 
All of Section 2 
All of Section 3 
All of Section 4 
All of Section 5 
All of Section 6 
All of Section 7 
All of Section 8 
All of Section 9 
All of Section 10 
All of Section 11 
All of Section 12 
All of Section 13 
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All of Section 14 
All of Section 15 
All of Section 16 
All of Section 17 
All of Section 18 

Township 31 South, Range 25 East(= M) 
The following portions of Section 6: 

Northwest 1/4 
Northwest 1/4 of Southwest 1/4 

C. DECLARATION FROM LOCAL WATER AGENCY 

The WKWD has the authority to provide water to municipal and industrial users within the 
area of review. It has provided the DOGGR with a letter stating that the Tulare Formation 
within the Elk Hills aquifer exemption area does not currently serve as a source of drinking 
water and would not reasonably be expected to supply a public water system (Exhibit 3). 

D. JUSTIFICATION FOR AQUIFER EXEMPTION 

An exempt aquifer is an aquifer or portion of an aquifer that meets specific criteria, for which 
protection under the Safe Water Drinking Act (SDWA) has been waived by the UIC Program 
under 40 CFR §146.4. Based on 40 CFR §146.4, OEHI is proposing a Tulare aquifer 
exemption within the area of review based on the following reasons (checked if applicable to 
OEHI). 

(..:{) 1. It does not currently serve as a source of drinking water, and 

(..:{) 2. It cannot now and will not in the future serve as a source of drinking water because: 

(..:{) (a) If it is mineral, hydrocarbon, or geothermal energy producing, or it can be 
demonstrated by a permit applicant for a Class II or III operation to contain minerals 
or hydrocarbons that considering their quantity and location are expected to be 
commercially producible. 

(_) (b) It is situated at a depth or location which makes recovery of water for drinking water 
purposes economically or technologically impractical; 

(..:{) (c) It is so contaminated that it would be economical or technologically impractical to 
render that water fit for human consumption; or 

(_) (d) It is located over a Class III well mining area subject to subsi dence or catastrophic 
collapse; or 

(..:{) 3. The TDS content of the groundwater is more than 3,000 and less than 10,000 mg/1 
and it is not reasonably expected to supply a public water system. 
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The following sections provide documentation to support the 
exemption. 

Elk Hills Tulare aquifer 

E. EXISTING AQUIFER EXEMPTIONS WITHIN THE AREA OF REVIEW 

1. History of the Aquifer Exemption Process 

In April 1981, the DOGGR applied to the EPA for primacy in the regulation of Class II 
UIC injection wells under Section 1425 of the SWDA. Non-hydrocarbon producing zones 
being used for injection of produced water were identified as exempt aquifers in the 
Primacy Application. The hydrocarbon -producing zones that the DOGGR identified as 
exempt aquifers in the 1981 Primacy Application were the productive zones shown as 
shaded areas on maps and cross -sections in the 1973 version of California Oil and Gas 
Fields (California Department of Conservation, 1973 ). For petroleum discoveries after 
1973, all new productive areas should have been included in the Primacy Application The 
DOGGR was granted primacy and aquifer exemptions were approved in the DOGGR-EPA 
Memorandum of Agreement (MOA) , dated September 19, 1982 . The list of exempt 
aquifers was included in a letter dated May 17, 1985, from Mr. Frank M. Covington of the 
EPA to Mr. Tom Cornwell of Western Oil and Gas Association ( Exhibit 4). Zones with 
TDS concentrations exceeding 10,000 mg/1 do not meet the de finition of a protected 
USDW and are automatically exempt aquifers (Exhibit 4). 

Numerous zones within and adjacent to the Tulare aquifer exemption area in the Elk Hills 
field are aquifers that already have been exempted based on : 1) being economically 
infeasible to treat for use as drinking water under 40 CFR § 146.4; 2) being a non
hydrocarbon-producing zone used for Class II injection at the time of the 1981 Primacy 
Application; 3) the occurrence of commercial hydrocarbons; and 4) not being protected 
USDWs being they contain TDS concentrations in excess of 10,000 mg/1 . The Tulare 
Formation within the entire field administrative limits of the Asphalto field is an exempt 
aquifer based on being economically infeasible to treat for drinking water ( Exhibit 2; 
Exhibit 5; Exhibit 7). Within the entire administrative limits of the Buena Vista field, the 
Tulare was exempted because it was a non -hydrocarbon producing zone being used for 
wastewater disposal (Exhibit 2; Exhibit 5; Exhibit 8). In the Railroad Gap field, only the 
Amnicola zone in the lower Tulare Formation has an aquifer exemption based on 
commercial hydrocarbon production11 (Exhibit 9). In the northern Midway-Sunset and the 
McKittrick fields, the Tulare Formation also has an aquifer exemption based on 
commercial oil production, shown as shaded areas on some of the maps and cross-sections 
in Exhibit 10 and Exhibit 11. The North Coles Levee and South Coles Levee fields have 

11 The Amnicola zone is exempt only within the productive area of the Railroad Gap field, but this areais not shown 
on Exhibit 9. 
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Tulare aquifer exemptions based on TDS concentrations in excess of 10,000 mg/1 (Exhibit 
4; Exhibit 12; Exhibit 13). 

Aquifer exemptions in the fields within and near the area of review are discussed in more 
detail in the following sections. 

2. Elk Hills Field 

The Tulare Formation in the Elk Hillsfield was referred to and treated as an exempt aquifer 
by the EPA when it authorized Class I 12 non-hazardous injection in two Tulare disposal 
wells for Elk Hills Power, LLC, under UIC Permit #CA200002 :exhibit 14). In addressing 
public comments received during the review process (Exhibit 14-3 ), the EPA wrote that it 
" ... had made the determination that the Tulare Formation within the Area of Review is an 
exempt aquifer." The area of review for the Elk Hills Power UIC permit was in section 
18G, which has Tulare groundwater that is comparable in its poor quality to other areas of 
the Elk Hills field. The original UIC permit, dated February 21, 2001, was modified on 
June 3, 2004, to authorize two additional Tulare injection wells (Exhibit 14). As of June 
2014, nearly 35 million bbls of Class I nonhazardous industrial fluids produced during the 
operation of the Elk Hills Power Plant were injected into the Tulare Formation in the 18G 
area of the Elk Hills field. 

The Tulare Formation within the Elk Hills field has been described by the DOGGR as an 
exempt aquifer (Exhibit 14-9). The DOGGR also has treated the Tulare as an exempt 
aquifer by permitting Class II UIC injection projects, project expansions, and wells . The 
DOGGR's letters of approval for the two Elk Hills Tulare Class II injection projects and 
several project expansions are provided in Exhibit 14. A list of active, idle, and abandoned 
Tulare wastewater disposal wells in the Elk Hills field also is included in Exhibit 14. 
Individual scanned records for the Elk Hills Tulare disposal wells can be accessed online 
using the following link: 

http://opi.consrv.ca.gov/opi/opi.dll/WellList?UsrP _ID=100222100&FormStack= 
Main%2CField%2CW ellList&SortFields= PWT_W ellTypeCode&N ewSortField 
s=PWT_W ellTypeCode&GotoPage= 121 &PriorState=Fld_Code%3D228%2CE 
ncoded%3DTrue 

The Tulare Formation has been used since July 1981 for injection of produced water. 
Although this was after the DOGGR' s submittal of its April 1981 Primacy Application, it 
was 14 months before the EPA granted the DOGGR primacy on September 29, 1982. In 
this 14-month interim, the Tulare Formation in the Elk Hills field still was not included as 

12 Class I wells inject hazardous and noffiazardous industrial and municipal wastes below the lowermost underground 
source of drinking water (USDW). Injection occurs into deep, isolated rock formations that are separated from the 
lowermost USDW by layers ofimpermeable clay and rock. 
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an exempt aquifer in the Primacy Application. As a result, it was omitted as an exempt 
aquifer based on being a non -hydrocarbon producing zone being used for wastewater 
disposal. 

The Tulare Formation in the Elk Hills field has produced oil since 197 5. It was not shown 
as a producing zone in the 1973 version of California Oil and Gas F ields but was 
documented as a March 1975 discovery in in the DOGGR's 1998 version ofCalifornia Oil 
and Gas Fields (Exhibit 6). Although the March 1975 discovery pre-dates the DOGGR's 
April 1981 Primacy Application, the Tulare Formation in the Elk Hills field was not 
included as an exempt aquifer based on hydrocarbon production. Both the pre -and post
Primacy versions of Elk Hills geologic information in California Oil and Gas Fields are 
included in Exhibit 6. The Elk Hills field has existing aquifer exemptions based on 
commercial oil production only for the following zones: 

• Mya gas and Scalez zones in the San Joaquin Formation 
• Mulinia, Bittium, Wilhelm, Gusher, and Calitroleum zones in the Etchegoin Formation 
• Olig, Stevens and Northwest Stevens zones in the Monterey Formation 
• Cameros and Agua zones in the Temblor Formation 

3. Asphalto Oil Field 

The Asphalto field lies directly to the southwest of the Elk Hills Tulare aquifer exemption 
area (Exhibit 2; Exhibit 5; Exhibit 7). The Tulare Formation in the Asphalto field was not 
exempted when the 1982 DOGGR-EPA MOA was approved but was exempted by the EPA 
on July 31, 2009 , when a separate application requesting this exemption was approved. 
The interval that was exempt ed includes the entire section of the Tulare zone below the 
confining alluvial clay within the administrative limits of the Asphalto field. The Tulare 
Formation was granted an aquifer exemption for the following reasons: 

1. It did not serve as an underground source of drinking water (USDW); 

2. It had TDS concentrations greater than 3,000 mg/1: and 

3. It was not reasonably expected by the WKWD to supply a public water system 
because of its poor groundwater quality. 

4. It was so contaminated that it would have been economically or technologically 
impractical to render that water fit for human consumption. 

It was demonstrated in the Asphalto Tulare aquifer exemption application that, because of 
high concentrations of TDS, chloride, sulfate, boron, Tulare grou ndwater could not be 
economically treated for use as drinking water. It will be demonstrated in this document 
that Tulare groundwater in the Elk Hills field is at least as poor in quality as Asphalto 
groundwater and therefore economically infeasible to treat for use as drinking water. 
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The following zones in the Asphalto field have aquifer exemptions based on commercial 
petroleum production: 

• Etchegoin 
• Olig, Stevens, and Antelope Shale in the Monterey Formation 
• Cameros in the Temblor Formation 

The Tulare Formation is the Asphalto field currently is being used for Class II injection. 

4. Buena Vista Field 

The northern boundary of the Buena Vista field adjoins the southern part of the Elk Hills 
Tulare aquifer exemption area (Exhibit 2; Exhibit 5; Exhibit 8). The Tulare Formation in 
the Buena Vista field was exempted under the 198 2 DOGGR-EPA MOA as a non -
hydrocarbon producing zone being used for wastewater disposal and ha s an aquifer 
exemption within the entire administrative limits of the field. The other exempt aquifers 
were based on commercial petroleum production and include the following zones: 

• Above Scalez, Sub Scalez One, and Sub Scalez Two zones in the San Joaquin 
Formation in the Buena Vista Front area 

• Mulinia zone in the Etchegoin Formation in the Buena Vista Front area 
• Mya (gas) zone in the San Joaquin Formation in the Buena Vista Hills Area 
• Top Oil (Sub Scalez) zone in the San Joaquin Formation in the Buena Vista Front area 
• Sub Mulinia, Wilhelm, Gusher, Calitroleum, 99 -90, and 27 -B (E sands) zones in the 

Etchegoin Formation in the Buena Vista Hills area 
• Calidon (gas) zone in the Etchegoin and Monterey formations in the Buena Vista Hills 

area 
• Antelope shale and 555 Stevens zones in the Monterey Formation in the Buena Vista 

Hills area 

The Tulare Formation in the Buena Vista field currently is used for Class II was tewater 
disposal by Valley Water Management Company in section 19B. 

5. Railroad Gap Oil Field 

The Railroad Gap field is adjacent to the northeastern portion of the Elk Hills Tulare aquifer 
exemption area (Exhibit 2; Exhibit 5; Exhibit 9 ). The Amnicola zone is exempt only within 
the productive area of the Railroad Gap field, but this area is not shown on Exhibit 9. The 
following zones have aquifer exemptions based on commercial petroleum production. 

• Amnicola zone in the Tulare Formation (lower Tulare) 
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• 2nd Mya (gas) zone in the San Joaquin Formation 
• Olig zone, Antelope shale, and Valv (Foraminite) zones in the Monterey Formation 
• Cameros, upper Santos, and Phacoides (Wygal) zones in the Temblor Formation 

The upper part of the Tulare Formation in the Railroad Gap field is not an exempt aquifer. 
The Amnicola zonein the lower Tulareis exempted and was used in the pastfor steamflood 
and cyclic steam operations, but all wells have since been abandoned. 

6. Midway-Sunset Oil Field 

The northern part of the Midway -Sunset field is adjacent to the Elk Hills Tulare aquifer 
exemption area along its southwestern side ( Exhibit 2; Exhibit 5; Exhibit 10). The 
following zones in the northern area of the field , which are shown as the shaded areas on 
some of the maps and cross -sections in Exhibit 10, have aquifer exemptions based on 
commercial petroleum production: 

• Tulare Formation 
• Mya Tar and Top Oil zones in the San Joaquin Formation 
• Kinsey, Wilhelm, Gusher, and Calitroleum zones in the Etchegoin Formation 
• Lakeview, Sub-Lakeview, Potter zones, Marvic, Antelope shale, Monarch, Webster, 

Moco, Obispo, Pacific, Metson, Leutholtz, and Republic, in the Monterey Formation 

Exempt Tulare aquifers currently serve or have served as Class II disp osal zones in the 
northern part of the Midway-Sunset field. The largest of these is operated by ValleyWater 
Management Company, which disposes into the Tulare Formation in sections 13 G, 19G, 
and 21 G. The Tulare zone also is or has been steamflooded, water flooded, and cyclically
steamed in this field. 

7. McKittrick Oil Field 

The McKittrick field liesto the westoftheElk Hills Tulare aquifer exemption area(Exhibit 
2; Exhibit 5; Exhibit 11 ). The following zones in the Main and/or Northeast areas of the 
McKittrick field all have aquifer exemptions based on commercial petroleum production 
(Exhibit 11 )13

: 

• Tulare in the Main and Northeast areas 
• Olig zone in the Monterey Formation in the Main and Northeast areas 
• Basal Reef Ridge in the Monterey Formation in the Main area 
• Stevens in the Monterey Formation in the Main area 
• Antelope shale in the Monterey Formation in the Northeast area 

13 The exempt area of the Tulare Formation is only shown on one of the crosssections. 
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• Cameros and Phacoides zones in the Temblor Formation in the Northeast area 
• Oceanic zone in the Tumey Formation in the Northeast area 
• Point of Rocks zone in the Kreyenhagen Formation in the Northeast area 

The Tulare zone in the McKittrick field is used for Class II wastewater disposal, 
steamflooding and cyclic steaming. 

8. North Coles Levee Field 

The western side of the North Coles Levee field lies along the northeastern area of the Elk 
Hills Tulare aquifer exemption area (Exhibit 2; Exhibit 5; Exhibit 12). In documentation 
from the EPA, the Tulare Formation in the North Coles Levee field was shown to have a 
TDS concentration ofl2,900 mg/1 prior to any injection (Exhibit 4-5) and therefore did not 
meet the definition of a protected USDW within the entire administrative limits of the 
North Coles Levee field. 

The Tulare Formation in the North Coles Levee field was used for Class II wastewater 
disposal, but the well has not injected since January 1977 and has been abandoned. 

9. South Coles Levee Field 

The northwestern area of the South Coles Levee field adjoins the southeastern side of the 
Elk Hills Tulare aquifer exemption area (Exhibit 2; Exhibit 5; Exhibit 13 ). EPA 
documentation shows that t he Tulare Formation in this field had TDS concentrations 
between 12,000 to 13,300 mg/1 (Exhibit 4-5). Because TDS concentrations exceed the 
10,000 mg/1 threshold for being a protected USDW, the Tulare Formation within the entire 
administrative limits of the South Coles Levee field is not an USDW. 

There is one active Class II wastewater disposal well in the Tular-t.San Joaquin in the South 
Coles Levee field. Four other disposal wells in this zone have since been abandoned. 

F. AQUIFER CHARACTERIZATION 

1. Description of Aquifer 

Topography shows that the Elk Hills field is deeply cut by canyons that trend either north 
or south from the crest of the hills (Exhibit 2). The crest ofElk Hills lies about 1,000 feet 
above the valley floor, and canyons commonly are 75 to 200 feet deep. All areas of 
topographic relief in the field have the Tulare Formation in outcrop (Exhibit 15). 

The Tulare groundwater in the area of review lies within the Kern County Subbasin of the 
San Joaquin Valley Groundwater Basin ( Exhibit 16; California Department of Water 
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Resources, 2006). The Kern County Subbasin has interior drainage and no appreciable 
surface or subsurface outflow, except during extremely wet years (Kern County Water 
Agency, 2008). The Elk Hills field lies with in Detailed Analysis Unit (DAU) Nos. 259 
and 260 of the Kern County Subbasin (Exhibit 17; California Regional Water Quality 
Control Board, 2004). The designated beneficial uses for DAU No. 259 are MUN, AGR, 
and IND. The designated beneficial uses for DAU No. 260 consist only ofMUN and IND. 

The structure and stratigraphy of the Tulare Formation within the area of review is shown 
in the type logs (Exhibit 18), the structure contour map of the base of the Tulare Formation 
(Exhibit 19), the isochore map of the gross thickness of the Tulare Formation (Exhibit 20), 
and structural cross-sections (Exhibit 21). 

The Tulare Formation is the primary groundwater -bearing zone in the Elk Hills field. It 
consists of fluviatile and lacustrine deposits of gravel, sand, silt, clay, and limestone. The 
Tulare Formation at Elk Hills contains three informal members: the upper and lower Tulare 
and, separating the two, the Amnicola claystone. The Tulare contains nonmarine sediments 
deposited in floodplain, fluvia 1 channel, and lake environments. Fluvial channels are 
coarse- to very coarse -grained and fine upward to medium - and coarse -grained sand. 
Porosity and permeability are very good. Sand intervals are generally loose and 
unconsolidated. Floodplain sediments consist of clay and sandy siltstone. The Amnicola 
claystone consists of silty claystone and probably was deposited in a lacustrine setting. 
Floodplain deposits are more common i n the lower Tulare, whereas fluvial channels 
comprise most of the upper Tulare. 

Two prominent lacustrine clay or claystone units occur within the Tulare Formation and 
can act as effective confining zones. The Amnicola claystone, which separates the upper 
and lower Tulare, consists of a dark brown -gray, lacustrine claystone with thin, rare 
siltstones. The Tulare clay occurs within the upper part of the formation and is a thick unit 
of clay and interbedded clay -gravel. The portion of the Tulare Formation above the 
Amnicola claystone has the best porosity and permeability and is the most suitable zone in 
the Elk Hills field for produced water injection. 

In the aquifer exemption area, the Tulare Formation conformably overlies the shallow 
marine deposits of the San Joaquin Formation (Exhibit 18 through Exhibit 21). The San 
Joaquin Formation lying immediately beneath the Tulare is composed of shale and silt and 
contains characteristic marine fossils and shells . It produces natural gas and formation 
water with high TDS concentrations. 

Across most of the Elk Hills field,the Tulare Formation crops out at the surface. Holocene 
age alluvium is present only at the most down -dip flanks of the field to the north, south , 
and east. The contact between the top of the Tulare, where present, and the base of the 
alluvium was originally established by geologic mapping (Woodring et al., 1932) and later 
refined using aerial photographs. 
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The base of Tulare Formation was based on the definition used by the U.S. Geological 
Survey (USGS) in Maher et al. (1975). It was placed at the transition between the marine 
tidal marsh and channel deposits of the San Joaquin Formation and the fluvial and 
lacustrine sands of the Tulare. Correlations of the first Tulare sand are relatively consistent 
across Elk Hills. A higher well density based on recent well data allowed a more accurate 
view of correlations, and USGS tops were modified locally as improved correlations were 
identified. 

The base of the Tulare Formation in the subsurface ranges from elevations of +500 feet in 
the axial crest of the anticline to -2,500 feet in the Buena Vista Valley area (Exhibit 19). 
Although only a single major anticline is present in the surface outcrops of Elk Hills, two 
culminations are apparent at the base of the Tulare Formation: the western 29R Anticline 
in sections 28R and 29R and the eastern 31S Anticline insections 25R, 36R, 30S, and 31S. 
At the south edge of the map, the Buena Vista Syncline can be recognized in section 14G, 
and, further to the south, the edge of the Buena Vista Anticline is apparent. 

The gross thickness of the Tulare Formation ranges from about 1,100 feet along the axial 
crest of Elk Hills to more than 2,500 feet on the north flank and 3,000 feet in the Buena 
Vista Valley (Exhibit 20). Flank thickness may include alluvium because it is difficult to 
differentiate it from the Tulare in these areas. 

Five significant normal faults break only the base of the Tulare Formation in eastern Elk 
Hills area. These are extensions of deeper faults that reach rese rvoirs in the San Joaquin 
and Etchegoin Formations. Faults have up to 300 feet of offset. The downthrown block s 
are to the northwest. 

From a hydrogeologic standpoint, the Tulare Formation can be divided into two zones: 1) 
the shallow unsaturated Tulare zone and 2) the deeper, saturated Tulare zone. The Tulare 
aquifer exemption interval includes all of the saturated upper Tulare zone and both the 
unsaturated and saturated lower Tulare below the Amnicola claystone confining zone. 

a. Unsaturated Tulare Zone 

The upper intervals of the Tulare Formation consist of sand, conglomerates, and finer
grained sediments that are completely dry or at irreducible water saturation and are 
referred to in this document as the unsaturated Tulare zone. The extent of the 
unsaturated Tulare zone, which occurs in the area of the axial crest of Elk Hills, is 
shown as the yellow highlighted area inExhibit 20. The unsaturated Tulare zone below 
the Amnicola claystone confining zone is part of the aquifer exemption interval. 

The structure map of the base of the unsaturated Tulare zone was made by finding the 
lowest occurrence of the density-neutron crossover in the Tulare in each well (Exhibit 
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22). In some instances and mostly in outlying areas , resistivity was used when the 
density and neutron curves were absent. In these cases, the base of the unsah1rated 
Tulare zone was picked where resistivity drops from consistently higher values (> 10 
ohm-m) to lower values (<5 ohm-m) in clean sands. 

The base of the unsaturated Tulare zone is not necessarily the same as the top of the 
saturated Tulare zone. Actual air -water contacts are rare in the data set because 
individual Tulare sand beds generally are too thin to recognize these contacts. The base 
of the unsaturated interval is more consistent in the upper Tulare because it is a more 
sand-rich section. Where the unsaturated base occurs in the lower Tulare, the horizon 
is more variable because of the low net sand that is characteristic of the interval. 

Along the crest of Elk Hills, the base of the unsaturated zone is coincident with or close 
to the base of the Tulare Formation. In these areas, the unsaturated Tulare zone reflects 
the structure formed by the Elk Hills anticline. On the flanks of the Elk Hills anticline, 
the base of the unsaturated Tulare is relatively horizontal and can cross the dipping 
strata of the Tulare. Where the Tulare has a low net sand content typically in the lower 
Tulare, the base of unsaturated inte rval is more variable. Although the Amnicola 
claystone is a well -documented confining zone in the Elk Hills area, the base of the 
unsah1rated zone can be at a relatively similar level in the upper and lowerTulare. This 
may be because : 1) groundwater levels may be slightly different but masked by the 
variability of the mapping methods or the age of the well logs , and 2) the base of the 
unsah1rated Tulare zone may be influenced more by the structural growth of the Elk 
Hills anticline and a weak groundwater system that has no appreciable recharge and 
low pressures, resulting in groundwater levels in both Tulare members reading similar 
levels. Other cross-sections also show slightly different groundwater levels between 
the lower and upper Tulare, particularly in the south flank area (Exhibit 21-1; Exhibit 
21-2), in the eastern and western Elk Hills area (Exhibit 21-3) and to a lesser extent on 
the north flank (Exhibit 21-2). The elevation ofthe base of the unsaturated Tulare zone 
ranges from about +80 feet in the northwestern area to +520 feet in the area of sections 
28R and 29R (Exhibit 22). 

The isochore map of the gross thickness of the unsaturated Tulare zone represents the 
difference between the ground surface elevation on the topographic map and the 
elevation oft he base of the unsaturated Tulare zone grid (Exhibit 23 ). Contours are 
very crenulated because of the deep erosion of the ground surface. The yellow area 
shows that 100% of this interval is unsaturated, as indicated by the density -neutron 
crossover. At the crest of Elk Hills, there are up to 1 , 100 feet of unsaturated Tulare 
zone. The unsaturated interval thins to less than 100 feet off the northeastern and 
southeastern flanks of Elk Hills. Where present, some ofthi s outlying interval may 
include alluvium because it is difficult to differentiate it from the uppermost Tulare 
Formation. 
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It is important to note that th e isochore map of the gross thickness of the unsaturated 
Tulare zone is based on density -neutron log coverage. The surface to the top of the 
logged interval, typically 50 to 300 feet thick , is included in this map. Shallow 
boreholes drilled across several sections in Elk Hills confirm that the uppermost 
interval of the Tulare also is unsaturated . An example of some of the data used to 
determine if shallow perched groundwater is present in the Tulare zone is included for 
the Stantec 43-36R inExhibit2414

. Based on these boreholes, the deeply eroded Tulare 
surface, and the dip of the anticlinal limbs of the Elk Hills stmcture, it is unlikely that 
there would be any naturally-occurring, saturated sands in the shallowest Tulare 
Formation in Elk Hills. 

b. Saturated Tulare Zone 

The saturated Tulare zone can occur either above or below the Amnicola clay stone in 
the Tulare Formation, both of which are part of the Tulare aquifer exemption inter val 
(Exhibit 21 ). The isochore of the gross thickness of the saturated Tulare represents the 
unedited difference between the base of the unsaturated Tulare zone and base of the 
Tulare grids (Exhibit 25). The yellow area on the isochore map shows where the entire 
interval of the Tulare is unsaturated. In this area, there may be as much as 40 feet of 
interval below the base of the unsaturated Tulare zone which is included in the 
unsaturated zone. This is because the base of the Tularecan contain no clean sand that 
would trigger the density-neutron crossover effect. 

The gross thickness of the saturated Tulare zone ranges from 0 feet along the axial crest 
of Elk Hills to greater than 2,500 feet in the north flank area and 2,800 feet in thBuena 
Vista Valley on the south flank. In sections 25R and 26R, there is a small lens of 
saturated zone in the lower Tulare within the yellow-colored, unsaturated interval. This 
area is coincident with the saddle between the 31 S and 29R Anticlines and ma;contain 
groundwater in sands at the base of the Tulare, with a maximum gross thickness of 200 
feet. 

Groundwater in the saturated Tulare zone can occur underunconfined or semi-confined 
conditions where confining strata are absent or below the Amnicola claystone in the 
axial crest area (Exhibit 21 ). Saturated Tulare sands also can occur under confined 
conditions, especially below the Amnicola claystone along the flanks of Elk Hills 
(Exhibit 21 ). 

14 Additional data from the Stantec 43-36R borehole as well as other boreholes in the Elk Hills field are not included 
in this document but are available upon request. 
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2. Depth of Aquifer 

The saturated Tulare zone is not present over the axial crest area of the Elk Hills field. 
Where present, the depth to the base of the unsaturated Tulare zoneranges from about 380 
feet in the 18G area to 1,050 feet in the 30R (Exhibit 22). As discussed in Section F.l.a, 
the b ase of the unsaturated Tulare zone is not necessarily the s arne as the top of the 
saturated Tulare zone because individual Tulare sand beds generally are too thin to 
recognize air-water contacts. 

3. Lateral Extent of Aquifer 

The Tulare aquifer is laterally continuous throughout the area of review, except on the crest 
ofElk Hills where there is no saturated zone (Exhibit 19; Exhibit 20; Exhibit 21). The 
Tulare Formation is stratigraphically continuous between the area of review and the 
surrounding fields in which it already is an exempt aquifer. 

4. Drinking Water Wells within the Area of Review 

All water well drillers in California are required to submit Well Completion Reports to the 
DWR, which shares these data with the KCWA. Water well records within the area of 
review were searched using data from the KCWA, the Department of Water Resources 
(DWR) Water Data Library , the DWR California Statewide Groundwater Elevation 
Monitoring Program , the Kern County Environmental Health Services Department 
(KCEHSD), the USGS National Water Information System, rud USGS Professional Paper 
912. The summary of results from the water well survey is provided in Exhibit 26. There 
were no water wells records within the area of rariew in the KCEHSD database However, 
KCEHSD only keeps records ofwell destructions for about five years before the yare 
discarded. Also, the agency did not begin keeping records of water wells until the mid -
1980s. 

The current status 15 of the water wells in all agency databases was verified by site 
reconnaissance by Quad-Knopf (Exhibit 26). Based on searches of water well databases, 
well records re view, and site reconnaissance, t here are no known drinking water wells 
located within the area of review. The WKWD is the primary supplier of municipal and 
industrial water in this area. The WKWD has no water wells within the area of review and 
has no rights to drill any water wells within Elk Hills Tulare aquifer exemption area. 

15 Active, idle, or destroyed. 
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G. TYPES OF CONSTITUENTS AND TDS IN FORMATION WATER 

Tulare groundwater was characterized based on a review of laboratory analyses and reports 
provided by OEHI , DOGGR Class II UIC project information, DOGGR formation water 
analyses for fields in and near the Elk Hills area, and literature on groundwater in the area of 
review. 

Groundwater samples from the Tulare Formation in the Elk Hills field were grouped into two 
main areas based on data from the following wells: 

• South Flank Area 

43WS-13B, 84WS-13B, and 284WS-13B 

82-14B and 282WS-14B 

Test wells 48-9G and the 57WS-9G 

45WS-18G and 86WS-18G 

82-2B 

• North Flank Area 

61WS-8R 

Nearly all of the Tulare groundwater analyses were collected from Tulare water source wells 
on the south flank of the Elk Hills field. All Tulare water source wells either have been 
abandoned or are idle. Tables summarizing the average concentrations of Tulare groundwater 
constituents and laboratory analyses from individual wells are included in Exhibit 27. 

1. South Flank Tulare Groundwater 

The initial TDS concentrations for Tulare water source wells completed above the 
Amnicola claystone ranged from 4,150 to 8,720 mg/1 ( Exhibit 27). Below the Amnicola 
claystone, the initial TDS concentrations range from 7,168 to 20,000 mg/1 (Exhibit 27). In 
the lower Tulare, where TDS concentrations exceed 10,00 0 mg/1, groundwater in that 
interval is not a protected USDW by definition. TDS concentrations in Tulare groundwater 
generally show a trend of increasing with depth. It is likely that this results from proximity 
to the underlying marine San Joaquin Formation as well as other deeper, marine rocks that 
contain naturally saline, connate groundwater. 

A summary of these constituents and their regulatory thresholds is provided in Table 1. 
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Table 1 

Constituents in Tulare Formation Water, South Flank Wells 

Constituent 

Lead
1 

Selenium
2 

(below Amnicola) 

Iron 

TDS
3 

(above Amnicola) 

TDS
3 

(below Amnicola) 

Chloride
4 

Sulfates 

Boron
6 

Strontium 
7 

Sodium 
8 

Arsenic 

Copper 

Molybdenum 

Nickel 

Zinc 

NOTES: 

Mean Concentration 

<0.1 to 0.3 

4,150 to 8, 720 500 

7,168 to 20,000 500 

1,625 250 (recommended) 

1,435 250 (recommended) 

6.16 <0.5- >3.0 

5.0to6.8 4 

1,217 <3 to <69 

0.0047 0.010 

<0.04+ 1.0 

0.103 None 

0.0559 0.1 

0.049 to 0.0589 5.0 

limits are in mg/1. 

Primary MCLs are shown in red. 

Secondary MCLs are shown in orange. 

Other regulatory thresholds are shown in yellow. 

Threshold 

In some analyses 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

No 

% of Threshold 

139% 

1440% 

Up to 12,333% 

830% to 1,744% 

1434% to 4,000% 

650% 

574% 

205% to 1,232% 

125%to 170% 

1, 764% to 40,567% 

1The MCL for lead is 0.015 mg/1, and its maximum contaminant level goal (MCLG) is 0 mg/1. The environment screening level (ESL) for lead 

in groundwater is 0.0002 mg/1. 
2Primary MCL for selenium: 0.050 mg/1 
3Secondary MCLs for TDS: recommended= 500 mg/1; upper= 1,000 mg/1; short term= 1,500 mg/1 
4 Secondary MCLs for chloride: recommended= 250 mg/1; upper= 500 mg/1; short term= 600 mg/1. The chloride water quality guideline 

for sprinkler irrigation is <106 mg/1. Irrigation water for sensitive crops is recommended to be <142 mg/1. 
5Secondary MCLs for sulfate: recommended= 250 mg/1; upper= 500 mg/1; short term= 600 mg/1. 
6The EPA's lifetime health advisory (LHA) for boron is 6 mg/1, and its drinking water equivalent level (DWEL) for boron is 7 mg/1. Boron 

concentrations as low as 0.5 mg/1 may be toxic to certain sensitive plants; severe usage restrictions are recommended for concentrations 

greater than 3.0 mg/1. The upper limit for livestock drinking water is 5.0 mg/1. 
7The EPA's LHA level for strontium is 4 mg/1 for a 70-kg adult consuming 2 liters water/day. 
8Recommended sodium levels for surface irrigation, which are based on toxicity from root absorption, are <3 mg/1) and for sprinkler 

irrigation are <69 mg/1. 

(Source: NPR-1 Ground Water Monitoring Plan, 1995 and groundwater analyses in Exhibit 27) 
f 

Tulare groundwater in the Elk Hills south flank area has: 1) a concentration of lead that 
exceeds the primary MCL for drinking water; 2) TDS, chloride, and sulfate concentrations 
in excess of secondary drinking water MCLs in every groundwater analysis ; 3) boron, 
strontium, and sodium concentrations in excess of regulatory thresholds for human health, 
agricultural uses, and/or livestock watering; and 4) iron concentrations that are variable but 
exceed the secondary drinking water MCL in some analyses. 
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Some areas of the south flank have TDS concentrations in Tulare groundwater in excess of 
10,000 mg/1, shown in green in the cross -sections in Exhibit 21. Tulare groundwater in 
these areas, typically near its base, does not meet the definition of a protected USDW and 
automatically qualify those zones as exempt aquifers. An example of groundwater quality 
in a non-protected USDW is included in Exhibit 27 for the 82-2B well. This south flank 
well is completed only in the lower Tulare interval. Groundwater analyses from the 82-2B 
well had a TDS concentration of 20,000 mg/1 . It also has : a concentration of selenium 
which exceeds the primary MCL; chloride and sulfate concentrations in excess of 
recommended secondary MCLs: and concentrations of boron , strontium, and sodium 
greater than regulatory thresholds for protection of human health , agriculture, and /or 
livestock. 

2. North Flank Tulare Groundwater 

The 61 WS-8R well, located in the northwestern part of the field, averaged 7,009 mg/1 TDS 
in 1979 (Exhibit 27-1); Bechtel Petroleum Operations, Inc., 1994) . When groundwater 
from this well was analyzed on May 17, 1988, TDS had increased to 8,720 mg/1 . TDS 
concentrations in the 61 WS-8R well exceed secondary MCLs for drinking water by 
1,744%. Other analyses from 61 WS-8R were: chloride 2,262 mg/1; sulfate 1,295; and 
boron 10 mg/~ all of which were significantly in excess of secondary MCLsand regulatory 
thresholds for human health, agricultural use, and livestock watering. 

3. Characterization Summary for Tulare Groundwater in the Elk Hills Field 

Tulare groundwater constituents from two areas of the Elk Hills field are summarized 
below (Table 1; Table 2; Exhibit 27). 

• One Tulare groundwater sample in the south flank of the Elk Hills field contained a 
concentration oflead that exceeds the primary MCL for drinking water. 

• Every Elk Hills Tulare groundwater analyses in Exhibit 27 had TDS, chloride, and 
sulfate concentrations that significantly exceed secondary MCLs for drinking water. 

• Iron concentrations in Tulare groundwater are variable, ranging from undetectable to 
significantly higher than secondary MCLs (Exhibit 27). 

• All Tulare groundwater analyses of boron and sodium in Exhibit 27 exceed regulatory 
thresholds for human health, agricultural uses, and/or livestock watering. 

• Although strontium was analyzed in only four Tulare groundwater samples, it exceeds 
the regulatory threshold for human health in all four analyses. 

Where TDS concentrations are less 10,000 mg/1 TDS , Tulare groundwater generally is of 
extremely poor quality and unfit for MUN ( Table 1 through Table 2) and AGR purposes 
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(Table 3). Areas of the Elk Hills field have Tulare groundwater with TDS concentrations 
in excess of 10,000 mg/1. These areas, which typically occur near the base of the Tulare, 
are shown in green shading on the cross-sections in Exhibit 21. These high TDS zones in 
the lower Tulare do not meet the definition of a protected USDW and therefore would be 
exempt aquifers. The Tulare Formation in the Elk Hills fieldalso has producible quantities 
of hydrocarbons and/ or oil and gas shows , particularly in the areas of sections 19R, 28R, 
29R, 30R, 33R, 31 S, 13Z, 14Z, and 25Z, as discussed in Section I of this document. 
Hydrocarbons, even if not commercia~ represent an additional contaminant to be removed 
if Elk Hills Tulare groundwater were to be treated for use as drinking water. 

Table 2: Summary of Tulare Groundwater Constituents 

Constituent Range ( mg/1) 

Lead 0.0208 
Selenium Below Amnicola: 0.720 
Iron <0.1 to 37 

TDS 
4,150 to 8,720 

Below Amnicola: 7,168 to 20,000 
Chloride 1,000 to 6,049.5 
Sulfate 340 to 1,800 
Boron 3.7 to 10.0 
Sodium 856 to 1,800 
Strontium 5.0 to 6.8 
Hydrocarbons Variable 

*See regulatory thresholds in Table 1 through Table 3. 

Occidental of Elk Hills, Inc. Page 19 
San Joaquin Energy Consultants, Inc.- 10/2114 

Primary or Regulatory 
Secondary MCL Threshold 

(mg/1) (mg/1)* 
0.015 0 to 0.0025 
0.050 

0.3 

500 (recommended) >2,000 

250 (recommended) >3 to >10 
250 (recommended) 

-- 0.0016 to 7 
-- <3 to <69 

4.0 
-- --

Tulare Zone Aquifer Exemption Document 
Elk Hills Tulare Final100214 Rev1.docx 

ED_ 001 000 _ 00029908-00028 



Table 3: Guidelines for Interpretations of Water Quality for Irrigation 

Degree of Restriction on Use 
Potential Irrigation Problem Units Slight to 

!Severe None 
Moderate 

Salirmy( dff&-«A~ crop water availability} 

ECw ldS/m 0.7 jo. -3.0 I> 3.0 

TDS lmg/1 450 450-2000 !> 2000 

lSI lon Toxicity (affects sensitive crops) 

Sodium (Naf 

sprinkler irrigation ime/1 ·F; >3 

Cl (CI)3 

surface irrigation ime/1 4 4-10 i> 10 

sprinkler irrigation me/1 <3 I> 3 

Bo1 (8)4 lmg/1 < 0.7 0. - 3.0 1> 3.o 

r·····l;;~-~~--~·;, T. 21) R !Miscellaneous Effects (affects susceptible crops) 
I 

I 

N1 (N03- N)5 mg/1 '< 5 5-30 > 30 

n (HC~) DI\..QIIJUI 

./1 ~.5 -8.5 
0 r:: 

(UVt>"/1/t>"aU vfJtlf '""t~ v11ty; v.v 

pH Range 6.5- 8.4 

1 Adapted from University of California Committee of Consultants, 1974 (See Ayers & Westcot, 1994). 
2 Ecw means electrical conductivity, a measure of the water salinity, reported in deciSiemens per mete r at 25oc (dS/m) or in units 
millimhos per centimeter (mmho/cm). Both are equivalent. TDS is reported in mg/1. 
3 For surface irrigation, most tree crops and woody plants are sensitive to sodium and chloride; use the values shown. Most an nual 
crops are not sensitive; use the salinity tolerance tables ( Ayers & Westcot Tables 4 and 5). For chloride tolerance of selected fruit 
crops, see Ayers & Westcot, 1994, Ayers & Westcot Table 14. With overhead sprinkler irrigation and low humidity(< 30 percent), 
sodium and chloride may be absorbed through the leaves of sensitive crops. For crop sensitivity to absorption, see Ayers & Westcot, 
1994, Ayers & Westcot Tables 18, 19 and 20. 
4 For boron tolerances, see Ayers & Westcot, 1994, Ayers & Westcot Tables 16 and 17. 
5 N03 -N means nitrate nitrogen reported in terms of elemental nitrogen (NH4 -N and Organic-N should be included when wastewater 
is being tested). 

In the area surrounding the Elk Hills field, TDS concentrations in Tulare groundwater also 
are naturally high (Exhibit 29). Regional studies of groundwater in the western San 
Joaquin Valley confirm that high concentrations of salts in Tulare groundwater are the 
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result of: 1) naturally saline, connate waters; 2) migration ofbrines from deeper zones by 
the same processes that caused local petroleum occurrence s; 3) agency-permitted surface 
and subsurface disposal of briny produced water; and 4) enclosed groundwater basin 
geometry (Western Oil and Gas Association, 1983; Bean & Logan, 1983; Weddle, 1968). 

4. Salinity Calculations 16 

Calculations of salinity in the Elk Hills field follow guidelines published by the EPA 
(Davis, 1988) . The Humble equation was selected because its critical parameters , 
including deep resistivity and density porosity , are available for the calculations. Also 
known as the RP Method, the Hum ble equation is the most widely -used formula for 
unconsolidated sands (Davis, 1988) that are typical of the Tular e Formation. Discussion 
of the method used for salinity calculations is included in Exhibit 30. 

Direct samples of water salinity are availableonly from a small group of wells at Elk Hills. 
In general, these wells are former Tulare water source wells. Water quality was sampled 
in order to analyze compatibility of Tulare groundwater with Miocene Stevens zone 
waterfloods. Most of these wells do not have full geophysical log suites. However, more 
recent nearby development wells or water disposal wells do have complete log suites. 
Therefore, it is possible to compare sampled water salinity to calculated salinity. 

A limitation of this analysis is that the former Tulare water source wells were completed 
over a very long interval. As a result, multiple intervals of varying calculated salinities are 
present within the borehole and contribute to the groundwater sampled. 

Well 48-9G has some of the best water salinity information at Elk Hills. Two intervals in 
the lower Tulare were tested: an upper interval from 595 to 935 feet, and a lower interval 
from 1,040 to 1 ,275 feet (Exhibit 30). Two water samples from the upper interval had 
salinities of7,453 and 7,168 mg/1 TDS. Three samples from the lower interval, taken over 
a week-long period, changed from 12,647 to 9,926 ppm TDS. The change in salinity may 
be caused by increased flow from more permeable sands having lower salinity. Three 
nearby wells, located within 600 feet of 48 -9G, were selected for calculation of salinity. 
The three wells record a progressive increase in salinity, from shallow to deep, generally 
ranging from about 6,000 mg/1 TDS at about a measured depth of 600 feet to greater than 
13,000 mg/1 TDS near the base of the Tulare For both the upper and lower tested intervals, 
all sampled formation water salinity measurements f ell with in the range of ca lculated 
salinity values in stratigraphically equivalent intervals, and the principle that salinity 
increases with depth in the Tulare Formation is well-established in this example. 

16 This discussion of salinity calculations and all of Exhibit 30 were prepared by Mr. Stephen A. Reid of OEHI, 
California-licensed Professional Geologist No. 3876. 
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Three Tulare water source wells have measurements of formation water salinity and also 
have nearby wells with modem geophysical suites th at permit the calculation of salinity 
using the Humble equation. Wells 45WS -18G and 86W -18G were completed over an 
interval of more than 1,000 feet and have measured salinities of 4,700 to 5,800 mg/1 TDS 
(Exhibit 30). Nearby wells, which are located within 1, 700 feet, have calculated salinity 
values that bracket the measured values. Likewise, well 284WS-13B had an initial salinity 
test of 5 ,7 44 m g/1 TDS initially but declined to 4 ,500 mg/1 after a year ( Exhibit 30). 
Calculated salinity in nearby well54WD-13B, located 1,580 feet west, ranges from 4,000 
mg/1 TDS in the shallow interval to 5 ,000 mg/1 in the deep. The occurrence of initially 
higher salinity in tests is attributed to contributions of formation water from below the 
calculated zones in the nearby well. Over time, shallower and more permeable zones began 
to dominate production in the water source well. Just as in the structurally higher parts of 
Elk Hills, salinity increases with depth in the flank areas as well. 

Elk Hills calculated salinity data compare closely to actual measured groundwater samples, 
or, more frequently, calculated values are less than actualgroundwater sample values, with 
the error amount up to 30%. In no case do calculated values exceed actual groundwater 
samples values by more than 1%. The error may be caused by the large amount of open 
interval and that deeper, higher salinity formation water makes up a significant portion of 
the sample. In wells with more restricted sample interval~ such as 48-9G and 82-2B, errors 
ranged from 6 to 21%. This amount of error is consistent with that noted by Davis (1988). 
Based on this comparison, calculated salinity is equal to or less than values from actual 
tested groundwater samples. 

Calculated salinity values of groundwater-bearing intervals of the Tulare Formation show 
a trend of increasing salinity with depth. Salinity in the upper Tulare on the flanks of Elk 
Hills has values between 3,500 and 6,000 IIBil TDS. Calculated salinities in sand intervals 
below the Amnicola claystone range from 6,000 to 24,000 mg/1 TDS. Salinity in at least 
the lowermost 240 feet of the basal Tulare is greater than 10,000 m g/1 TDS. This 
calculation of high salinity is confirmed by formation water tests in well48 -9G. 
Comparison of calculations using the W method, or Humble equation, and formation water 
tests shows that calculated salinity is equal to or less than the actual groundwater analyses, 
but the underestimation error is no more than 21%. 

H. YIELD OF GROUNDWATER 

1. Permeability 

Conventional core analyses from wells in the Elk Hills field were used to determine 
permeability in the Tulare Formation. Based on Tulare sand and sandstone units in the 
Bechtel UONPR #1 CH-27R and the Williams Brothers 36 -30R, the average vertical and 
horizontal permeabilities are 1 ,314 millidarcies ( md) and 2, 723 md, respectively (Exhibit 
31-1 ). The range of permeability is quite large because of the poor sorting o f the non-
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marine Tulare sediments. The permeability of these units is believed to be representative 
of Tulare injection zones. 

In the clay, silt, and siltstone units of the Tulare Formation the vertical permeabilities range 
from <0.1 to 1.0 md and averages 0.7 md (Exhibit 31-2). The low vertical permeabilities 
of the fine-grained Tulare units demonstrate that these zones would act as effective barriers 
to upward migration of fluids. 

Permeabilities in the area of section 30R, where the Tulare produced oil, were analyzed by 
Bergeson (1988). The whole rurve average of 159 conventional core and sidewall samples 
was 434 md (Exhibit 31-3 ). In a 15 -foot interval of "good" Tulare oil sand, the average 
permeability was 3 7 4 md. 

2. Porosity 

The porosity of the Tulare Formation was based on analyses of conventional core analyses 
from two wells in the Elk Hills field. The llerage porosity of the Tulare sand and sandstone 
units, which is considered to be representative of Tulare injection zones, is 35.8% and 
ranges from 12.3% to 44.2% (Exhibit 31-1 ). The clay, silt, and siltstone units of the Tulare 
Formation have an average porosity of 30.7% and ranges from 24.9% to 38.6% (Exhibit 
31-2). 

Porosity also was analyzed in the area of section 30 R, where the Tulare produced o il 
(Bergeson, 1988). Based on 159 conventional core and sidewall samples, the whole curve 
average was 38.0% and 38.7% in a 15-foot interval of"good" Tulare oil sand (Exhibit 31-
3). 

3. Sand Identification 

Sand can be readily identified on logs as those intervals having spontaneous potential 
deflections to the left and resistivity deflections to the right (Exhibit 18; Exhibit 21 ). 

4. Fluid Levels 

Initial static fluid levels from wells on the south flank of Elk Hills ranged from 24 7 feet to 
323 feet (Table 4). 
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Table 4: Initial Static Fluid Levels in South Flank Area Wells 

Well No. Elevation (feet MSL) Year 
84WS-13B 252 1979 

284WS-13B 255 1990 
43WS-13B 284 1992 
82WS-14B 323 1980 

282WS-14B 289 1990 
48-9G 273 1978 

57WS-9G 305 1979 
86WS-18G 247 1982 
45WS-18G 250 1991 

(Source: Phillips, 1992) 

I. TULARE OIL AND GAS PRODUCTION 

Oil and gas in 1he Tulare Formation occur in both commercial and, at the time, sub-commercial 
quantities in several areas of the Elk Hills field: 

• Oil production: Abandoned wells in the 30R area near the western side of the field, shown 
within the green box in Exhibit 32-1. 

• Active gas production: 461-31 S area in the central area of the field (Exhibit 1 ). Production 
data for this well can be accessed using the following link: 

http://opi.consrv.ca.gov/opi/opi.dll/WellFrame?UsrP _ID=100237135&PWT_ID=10 
0260528&PWT_W ellTypeCode=OG&StartRow=460 1 &SortFields=WMtr _Operata 
rWellNumber&NewSortFields=WMtr_ OperatorWellNumber&FormStack=Main%2C 
Field%2CWellList&PriorState=Fld Code%3D228&UsrP RecentY ear First= 1 

• Shut-in gas production: Well456-28R in the west-central area of the field, shown in the 
red in Exhibit 32-1. 

A summary of Tulare production data in the Elk Hills field is provided inTable 5. Cumulative 
production from the Tulare Formation in the Elk Hills field is 17,657 bbls oil and 282,094 Mcf 
gas. Hydraulic fracturing has not used in the past for Tulare oil and gas development and is 
not planned to be used in the future because it would have no benefit to petroleum production. 
Detailed maps of Tulare petroleum occurrences in Exhibit 32 were based on analyses and/or 
descriptions of conventional and/or sidewall cores and log data. 
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Table 5: Tulare Oil and Gas Production and Shows 

Year Comments 

1960 5-6-15Z: Tested Tulare from 932' to 973' in the Railroad Gap field, located about 0.5 
mile west of the Elk Hills field administrative boundary. Produced a peak gas of 64 2 
Mcf gas/day. Shut-in in 1964; plugged 1967. 

1975 1975 discovery ofTulare oil in the 46-30R well, as cited in the 1998 version ofthe 
DOGGR's California Oil and Gas Fields (Exhibit 6). 

1978 48-9G: Tested Tulare (585'-1275') for potential water source well Had slight gas blow 
during swabbing; set unit and pump-tested for 2 months. Cumulative gas production: 
13,878Mcf. Formation water rate too small for source well. Plugged well in 1999. 

1984 Tulare steam cycle pilot, 30R area, 6 wells Coring data showed oil saturation 
' 

produced small oil rates during pilot. All wells plugged. 
26NE-30R: 318 bbls oil, no gas 26E-30R: 1780 bbls oil, no gas 
27NE-30R: 654 bbls oil, no gas 36-30R: 71 bbls oil, no gas 
36E-30R: 6291 bbls oil, no gas 36NE-30R: 3822 bbls oil, no gas 
46-30R: 4721 bbls oil, no gas 

2007 461-31S: Opened Tulare(692'-830'). Still producing commercial gas. Latesttest: 0 
bbls oil I 0 bbls water I 131 Mcf gas/d. Cumulative gas production: 282 MMcf. 

2008 456-28R: Recompleted as gas producer in the Tulare (848 '-981 '). Currently idle. 

The occurrence of producible hydrocarbons in local areas of the Elk Hills field would justify 
an aquifer exemption based on 40 CFR § 146 .4( a)( 3) because it is hydrocarbon -producing or 
can be demonstrated by the permit applicant as part of a permit application for a Class II 
operation to contain minerals or hydrocarbons that, considering their quantity and location, are 
expected to be commercially producible. The Tulare Formation in the Elk Hills field has 
produced oil since 1975 and was documented as a March 1975 discovery in the DOGGR's 
1998 version of California Oil and Gas Fields (Exhibit 6). Although the March 1975 
discovery pre-dates the DOGGR's April1981 Primacy Application, the Tulare Formation in 
the Elk Hills field was not included as an exempt aquifer based on hydrocarbon production. 

It is important to note that the Tulare Formation historically has not been the main target of 
exploration and development in the Elk Hills field and therefore has relatively little data, such 
as geophysical logs, mud logs, or cores, to evaluate its commercial potential. Although its past 
production history and oil and gas shows are good indicators , the commercial oil and gas 
potential of the Tulare Formation will depend on evaluation of this zone during future drilling. 

Commercial and sub -commercial quantities of hydrocarbons render the Tulare groundwater 
unfit for MUN, AGR, and IND uses and contribute to the economic infeasibility of treating it 
for use as drinking water , indicating that it should be classified as Class III groundwater, or 
groundwater that is not a source of drinking water, as discussed in Section L of this document. 
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J. DISPOSAL ACTIVITIES IN WITHIN THE AREA OF REVIEW 

1. Class I Non-Hazardous Injection Operations 

The EPA has referred to and treated the Tulare Formation in the Elk Hills field as an exempt 
aquifer by when it authorized Class I non-hazardous injection in two Tulare disposal wells 
for Elk Hills Power, LLC, under UIC Permit #CA200002 (Exhibit 14-1, -2, -4, and -5). In 
addressing public comments received during the review process, the EPA wrote that it " ... 
had made the determination that the Tulare Formation within the Area of Review is an 
exempt aquifer" (Exhibit 14-3 ). The area of review for the Elk Hills Power UIC permit 
was in section 18G, which has Tulare groundwater that is comparable in its poor quality to 
other areas of the Elk Hills field. 

The original UIC permit, dated February 21, 2001,was for Elk Hills Power wells 15-18G17 

and 35-18G. The permit was modified on June 3, 2004, to authorize two additional Class 
I non-hazardous injection wells, 25A-18G and 35A-18G (Exhibit 14). Nearly 35 million 
bbls of industrial, nonhazardous fluids produced during the operation of the electrical 
power plant were injected into the Tulare Formation in the 18G area. 

2. Class II Injection Operations 

The Tulare Formation has been described as an exempt aquifer by the DOGGR ( Exhibit 
14-9) and used extensively for permitted injection operations in the Elk Hills field as well 
as in adjoining fields. In the Elk Hills field, the Tulare Formation has been used since July 
1981 for injection of produced water. Two Class II UIC injection projects, #22800002 and 
#22800022, and several project expansions were permitted by the DOGGR for Tulare 
disposal operations in the Elk Hills field (Exhibit 14; Table 6). Injectate consists of 
produced water from the Shallow Oil Zone and the Stevens sand. Concentrations ofTDS, 
chloride, and iron in the injectate significantly exceed the secondary MCLs for drinking 
water, and boron exceeds regulatory thresholds for human health, agricultural uses, and 
livestock watering, shown in red in Table 6. Since July 1981, more than 1,063,396,000 
bbls of injectate have been disposed in the Tulare Formation through more than 130 
wastewater disposal wells (Table 7; Exhibit 14). 

17 15-180 in the UIC permit of2/21/01 has the same location as the 2:68G well in the modified UIC permit of6/3/04. 
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Table 6 

Class II UIC Injectate Data 

Permit 
No. 

22800002 

Project Name, Zone, and 
Location 

Tulare Water Disposal 
Sec. 12B and 13B 
Sec. 24Z 
Sec. 7G, 8G, lOG, 17G, and 18G 
Lower Tulare Water Disposal 

22800022 Sec. 20G, 21G, 22G, 27G, and 
28GE 

NOTES: 

Injectate 
Source 

Shallow 
Oil Zone; 
Stevens 

Stevens 

Data obtained from the OEHI 20 ll Annual Project Reviews. 
Data shown in red exceed MCLs or regulatory thresholds for human health, agricultural use, or 
livestock watering. 
Secondary MCLs: TDS = 500 mg/1 (recommended); Cl = 250 (recommended); Fe = 0.3 mg/1. 
Chloride > l 0 mg/1 has severe restriction for surface irrigation use. 
The ESL for boron in groundwater= 0.0016 mg/1. 
Boron >3.0 mg/1 has severe use restrictions for irrigation. 

Table 7: Tulare Disposal Volumes 

Year Disposal Volume (bbls) 
1980 0 
1981 2,149,817 
1982 10,975,563 
1983 14,019,377 
1984 14,056,873 
1985 17,870,990 
1986 17,259,402 
1987 25,263,957 
1988 28,367,531 
1989 32,356,682 
1990 32,249,891 
1991 29,862,723 
1992 27,936,213 
1993 30,802,504 
1994 31,266,415 
1995 28,989,662 
1996 26,053,964 
1997 21,708,305 
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Year Disposal Volume (bbls) 
1998 20,316,512 
1999 14,481,234 
2000 18,544,647 
2001 19,686,031 
2002 26,958,706 
2003 33,667,630 
2004 23,257,711 
2005 30,977,347 
2006 41,605,661 
2007 56,500,291 
2008 59,315,147 
2009 52,931,620 
2010 53,974,091 
2011 70,104,802 
2012 70,363,628 
2013 68,017,029 
2014 11,504,209 
Total 1,063,396,165 

3. Surface Disposal Operations 

Agency-permitted s umps are used to dispose of wastewater during upset conditions 
through a combination of evaporation and percolation. One lined sump is located on 
alluvial sediments, and therest are on the Tulare Formation (Exhibit 33; Exhibit 15). Active 
sumps are operated under Regional Water Quality Control Board Waste Discharge 
Requirements Order #58-491. A table summarizing the locations, types, and status of the 
sumps is provided in Table 8. 

As discussed in Section G, a regional groundwater study was done to investigate the 
geologic and hydrogeologic conditions in western Kern County and the impact of oilfield 
operations on groundwater quality (Western Oi 1 and Gas Association, 1983) . The 1983 
study indicated that: " ... natural salts have been concentrated in some specific areas where 
deep percolation from agricultural production and/or water disposal has provided the fluid 
path to groundwater "and that " ... oilfield waste disposal is a likely contributor where 
concentrations of boron, nitrate and chloride are found." 
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Table 8 

Sump Data within the Area of Review 

Location Active Inactive Closed 
Section 7R ______ ?_~~ggj~g-~~~1?-~------ 1 
----------------------- ----------------- ---------------
Section 8R _______ !J?i£8!~~-~~~e _______ ----------------------- ----------------- ---------------
Section 9R 1 pigging sump 
Section 15R 1 pigging sump 
Section 18R 1 
Section 26R 2 
Section 27R 2 
Section 24Z 6 
Section 26Z 1 7 
Section 27S 1 
Section 34S 1 pigging sump 
Section 35S 1 
Section IG 1 
Section 7G 3 
Section 9G 1 
Section lOG 4 2 
Section 18G 1 lined 5 
Total 11 18 16 

K. OTHER INFORMATION RELATIVE TO AQUIFER 

1. Distance to Existing Towns 

The Tulare aquifer exemption area is located on the southwestern side of the San Joaquin 
Valley in a remote, unincorporated part of Kern County. The five nearest surrounding 
towns are: 

• Buttonwillow: 5 miles to the north 
• Tupman: 0.5 miles to the northeast 
• Dustin Acres: 0.5 miles to the south 
• Derby Acres: 3.5 miles to the southwest 
• McKittrick: 2.5 miles to the west 

Other towns within the area of review are shown in Exhibit 1. 

2. Ownership and Types of Land Use within the Area of Review 

Land within the Tulare aquifer exemption area is owned both privately and federally 
(Exhibit 34). The Tulare aquifer exemption area is zoned as Exclusive Agriculture (A), 
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Limited Agriculture (A-1), Medium Industrial Precise Development (M-2 PD), and Estate 
Residential Suburban Mobile Horne [E (1) RS MH] (Exhibit 35; Kern County Planning 
Department, 2014). Growing and harvesting crops as well as breeding and raising animals 
are allowed in the A and A -1 zones. The purpose of the A District is to designate areas 
suitable for agricultural uses and prevent incompatible uses from encroaching and 
prematurely converting these lands to non -agricultural usage. Land zoned as A -1 is 
designated as suitable for a combination of estate -type residential development, 
agricultural uses, and other compatible uses. A map of agricultural land usage in the Tulare 
aquifer exemption area is provided in Exhibit 36. 

A review of a Kern County Geographic Information System (GIS) map of the Tulare 
aquifer exemption area indicates that land is mostly undeveloped and used primarily for 
oil field operations (Exhibit 37). There does not appear to be any irrigated farmlandwithin 
the area of review, except for a small comer of 13G. 

3. Population and Water Usage 

The Tulare aquifer exemption area liesentirely within the boundaries of the WKWDexcept 
for one area that is not part of the WKWD or any other local water district (Exhibit 38). 
The WKWD serves the cities of Taft and Maricopa as well as McKittrick, Ford City, and 
other Westside communities near the Tulare aquifer exemption area. It sells water to a 
permanent population of about 18,600, with about 7,400 service connections, of which 
about 7,000 are for domestic users. The area served by the WKWD covers about 300 
square miles (Kern County Water Agency, 2011). 

Total annual water use in the WKWD in 2010 was 24,729 acre-feet, or 216 gallons per 
capita per day, including significant quantities of water used by industries in the district 
(West Kern Water District, 2011). About 80 percent of the WKWD's water sales are to 
industry, and the remaining 20% are domestic water sales. It also supplies some water for 
landscaping and recreational use. 

4. Availability of Alternate Surface and Groundwater Sources 

The WKWD contracted with the KCW A in 1966 to deliver water from the SWP via the 
California Aqueduct. Since 2002, the WKWD has had a SWP entitlement of a maximum 
31,500 acre -feet per year, with an additional 10,000 acre -feet per year under the 
intem1ptible SWP contract when high -flow water is available from the Delta. The high
flow water typically is purchased by the WKWD for its groundwater banking program. 

The WKWD has two turnouts along the California Aqueduct but only uses one to deliver 
untreated water to industrial customers OEHI and La Paloma Generating Company, LLC 
(LPGC). A maximum of 6,500 acre feet of water can be used b;LPGC. However, because 
LPGC has historically used less than the maximum, the WKWD has been able to use the 
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remainder for groundwater recharge or exchange with other entities. Except for the 
delivery of untreated water from the California Aqueduct to LPGC, surface water is not 
used directly by the WKWD as a domestic water supply source (West Kern Water District, 
2011). 

The majority of the WKWD' s SWP water is received through an in -lieu groundwater 
pumping/groundwater banking exchange with the Buena Vista Water Storage District 
(BVWSD)18

. The BVWSD receives water from the Kern River, the SWP, and local 
groundwater wells. The exchange between the BVWSD and the WKWD involves the 
BVWSD taking WKWD SWP water rather than producing groundwater from its wells. 
The WKWD then can either pump or bank the equivalent amount of SWP water used by 
the BVWSD. In wet years, when the BVWSD can meet its water demands from the Kern 
River, it does not have to take SWP water from the WKWD. Instead, the SWP water is 
delivered to the WKWD groundwater recharge area and credited to its banking program. 
Because the WKWD has historically needed less water than the SWP water exchanged 
with the BVWSD, it has banked any surplus water. For the period from 1977 to 2010, this 
surplus averaged 17,418 acre-feet per year. At the end of the 2010 water year, there was a 
total surplus of 208,157 acre-feet, including 31,483 acre -feet owed to the WKWD from 
other agencies (WKWD, 2011). 

The WKWD's domestic water needs also are supplied by the SouthWell Field near 
Tupman, located about two miles northeast of the Elk Hills Tulare aquifer exemption area, 
and the new North Well Field, located about 4.5 miles to the north (Exhibit 1). The South 
Well Field and recharge ponds are located adjacent to the Kern Water Bank recharge area 
(Exhibit 1 ). Well depths in the Tupman well field range from 650 to 850 feet. The total 
peak production capacity is 99 acre -feet per day, but the maximum usage is 61 acre -feet 
per day (West Kern Water District, 2011 ). 

Based on historical usage, the WKWD and the BVWSD entered into an agreement in 1965 
that allows the WKWD to pump a maximum of3,000 acre-feet annually from the Tupman 
well field. This water cannot be banked and is used preferentially in any given year. The 
WKWD is required to recharge t he groundwater basin for amounts pumped in excess of 
3,000 acre-feet annually. At the end of the 2010 water year, the WKWD had an estimated 
176,674 acre-feet of banked water. 

The WKWD also has undertaken a new recharge and recovery project, referred to as the 
North Well Field Project (Exhibit 1 ). Water production capacity is expected to increase 
from the current 55,000 acre -feet to 100,000 acre -feet. The WKWD's website provides 
the following discussion on the new well field (http:/ /wkwd.org): 

"The latest development The WKWD's North Well Field Project involves the 
construction of a new well field located on the axis of the Kern River between 

18 The location of the BVWSD is shown onExhibit l. 
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Interstate 5 and the California Aqueduct, which encompasses roughly 1000 acres. 
It will allow the District more flexibility and reliability in the development of its 
water supplies. Historically, the District has been entirely dependent on a single 
well field location to meet its water demands. In recent years, groundwater levels 
have seen great declines due to increased pumping to make up for the reductions in 
our annual State Water Project water supplies, and this newly acquired North Well 
Field Location allows the District access to an additional100,000 acre -foot block 
of stored groundwater underneath the project location. In addition, the project 
provides additional wells that allow for redundancy and flexibility in our water 
production operations. The first phase of the project involves the construction of 
water wells and pipelines and is scheduled to become operational by the end of 
2011. A subsequent phase calls for additional pipelines that should further increase 
operational flexibility." 

There is an additional operating agreement between the WKWD and the KWBA for 
pumping and recharge activities. An opportunity also exists for the WKWD to connect to 
three KWBA water wells, which were permitted for use by both the WKWD and the 
KWBA. This potential water transfer would be as much as 12,905 acre-feet. 

As discussed in its 2010 Urban Water Management Plan, the WKWD's water needs in the 
Tulare aquifer exemption area were believed to be adequately served by existing and future 
sources for the following reasons: 

• Current demand is well below production capacity; 

• Since the 1970s, the WKWD's water needs have been less than the SWP supplies 
delivered via the exchange with the BVWSD; 

• The WKWD has banked an average of 17,418 acre -feet of surplus water annually 
from 1977 to 2010; 

• The new North Well Field is expected to nearly double production capacity in the 
WKWD; 

• The WKWD did not believe that desalination of brackish water or groundwater \«S 

practical and has no current plans to pursue this method of treatment. 

5. Geology, Including Any Unusual Conditions 

The Elk Hills field is located within an area of the San Joaquin Basin which has only 
interior drainage and no appreciable surface or subsurface outflow The Kern River, which 
is the primary source of surface water and fresh groundwater in the area, drains to the 
southeast and terminates near the northeastern side of the Elk Hills field. Precipitation in 
the Elk Hills area averages about5.8 inches annually, with an average pan evaporation rate 

Occidental of Elk Hills, Inc. Page 32 
San Joaquin Energy Consultants, Inc.- 10/2114 

Tulare Zone Aquifer Exemption Document 
Elk Hills Tulare Final100214 Rev1.docx 

ED_001000_00029908-00041 



of about 108 inches per year in the Buttonwillow area19
. As a resul~ almost no groundwater 

from precipitation recharges groundwater, causing salts to become more concentrated over 
time and potentially resulting in high TDS concentrations. 

Surface geologic mapping indicates that only Recent alluvium and Tulare Formation occur 
within the Elk Hills Tulare aquifer exemption area (Exhibit 15). With depth, groundwater 
comes into direct contact with the marine San Joaquin Formation , which causes the 
groundwater to become naturally more saline. 

6. Aquifer Interconnection with Surface and Fresh Waters within the Area of Review 

The Tulare aquifer exemption area lies within the Tulare Lake Hydrogeologic Basin, which 
is a closed, northwesterly-trending basin in the southern San Joaquin Valley. To the north 
and northeast of the Elk Hills field, he Kern River in the San Joaquin Valleyis the primary 
source of groundwater recharge. Mounding occurs along the axis of the river and flattens 
laterally. Streams in the Temblor Range to the east of Elk Hills drain southeasterly toward 
Buttonwillow, which lies north of the Elk Hills field, and into the McKittrick Valley, which 
lies to the southwest. None of the ephemeral streams that drain the eastern slopes of the 
Temblors carry potable water because they cross marine sedimentary rocks from which 
high concentrations ofTDS are acquired (Maher, 1975). 

Within the Elk Hills field, ephemeral streams drain toward the San Joaquin, McKittrick, 
and Buena Vista valleys (Exhibit 2; Exhibit 15). There are no intermittent drainage courses 
in the Elk Hills field which meet the requirements for navigable waterways under Section 
404 of the Clean Water A ct. There are no known natural springs or other continuous 
sources of natural recharge within the Elk Hills field. 

Aquifer interconnection between any surface water and Tulare groundwater within the area 
of review is unlikely because there are no known bodies of surface water or naturally
occurring fresh water 20 or springs within the area of review (Phillips, 1994; Exhibit 2; 
Exhibit 15; Exhibit 16; Exhibit 29). 

The interconnection of the Tulare Formation with naturally -occurring fresh water in Elk 
Hills is believed to be unlikely because precipitation in this area averages only about 5.8 
inches annually, with an average annual pan evaporation rate of about 108 inches in the 
Buttonwillow area21

. Consequently, almost no groundwater from precipitation is available 
to recharge groundwater. Within the Tulare Formation, low-permeability silts, siltstones, 
clays, and claystones can separate sands and gravel s and act as groundwater barriers 
between zones having distinctly different salinities as well as seals for petroleum 

19 Information Sheet on the Regional Water Quality Control Board website for Clean Harbors Buttonwillow, LLC. 
20 Defined as TDS <3,000 mg/1. 
21 Information Sheet on the Regional Water Quality Control Board website for Clean Harbors Buttonwillow, LLC. 
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accumulations. However, the degree of interconnection between the Tulare Formation 
along the northeastern flank of the Elk Hills Tulare a qui fer exemption area and shallow, 
fresh groundwater, especially for the WKWD well fields that are located a minimum of 
two miles to the northeast and 4.5 miles north, is not well understood. Consequently, the 
northeastern flank area have been excluded from this document. 

Within the 26R area, a leak from a utility water line in section 26, which has since been 
taken out of service, is believed to have been the source of non-naturally occurring fresh 
water in the unsaturated upper Tulare zone (Exhibit 39). However, the unsaturated upper 
Tulare zone is not part of the aquifer exemption interval. 

L. ECONOMIC EVALUATION OF TREATING MCKITTRICK AREA GROUNDWATER 
FOR DRINKING WATER 

On behalf ofLPGC, Kennedy/Jenks Consultants prepared a technical and economic feasibility 
evaluation of treating Tulare groundwater in the McKittrick area for use as drinking water. 
The LPGC is located in the Asphalto field, which i~djacent to the Elk Hills field. The purpose 
of the report titled , "Evaluation of Economic Feasibility of Treating McKittrick Area 
Groundwater for Use as Drinking Water ,"and dated March 2002, was to evaluate whether 
McKittrick area groundwater could be d esignated as Class III water, defined as groundwater 
not a source of drinking water. Groundwater can be designated as Class III water if there is: 

"Contamination, either by natural processes or by human activity (unrelated to a specific 
pollution incident ), that cannot be cleaned up using treatment methods reasonably 
employed in public water-supply systems." 

The Class III designation is based on a socioeconomic evaluation of the benefits and costs of 
groundwater protection. The economic infeasibility of treating groundwater for drinking water 
is assessed by a comparison of the cost to treat McKittrick groundwater to the current potable 
water treatment cost in the area. In the Kennedy/Jenks evaluation, groundwater would be 
classified as Class III if the cost of developing, treating, and delivering the water is : 1) more 
than 0.4% of the median annual income per household in the area, 2) exceeds 100% of the 
current annual water treatment rate, or 3) exceeds the ninetieth percentile economic 
untreatability threshold. The economic feasibility study had the following findings (Exhibit 
40): 

• A sample of McKittrick area groundwater had high concentrations ofTDS (6,100 mg/1), 
boron (21 mg/1), sulfate (1,200 mg/1), chloride (1,600 mg/1), and hardness (1,100 mg/1).· 

• Tulare groundwater in the McKittrick area cannot be treated by treatment technologies by 
methods employed in public water systems or methods known to be used in a limited 
number of cases. 

• Using reverse osmosis (RO) technology , McKittrick area Tulare groundwater treatment 
was estimated to cost $34,500 per acre-foot for a system with adesign flow rate ofl65,000 
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gallons per day ( GPD) and $5,800 per acre -foot for a system with a rate of 2.85 million 
gallons per day (MGPD). Potable water treatment in the McKittrick area is $500 per acre
foot. The small and large RO treatment systems would be about 70 and 10 times , 
respectively, more than the current potable water source. 

• For the 165,000 GPD and 2.85 MGPD systems, the cost to treat McKittrick area 
groundwater was about 75% and 13% , respectively, of the annual McKittrick area 
household income. These costs exceeded the EPA's Class III guideline that the per 
household share of treatment cost should not be more than 0.4% of the area per-household 
mcome. 

• A second EPA economic threshold is that increase in annual water cost per household 
should not exceed 100%. In the Kennedy/Jenks study, the annual water cost per average 
household in the McKittrick area was $255. The increase in annual water cost per 
household to treat Tulare groundwater in the McKittrick area w as $17,345, or a bout 
6,800% increase, for the 165,000 GPD system and $2,695, or a 1,0 60% increase, for the 
2.85 MGPD system. Because costs for both systems are significantly greater than the 
EPA's economic criteria of no more than a 100% increase, the economic criteria for the 
Tulare groundwater in the McKittrick area being classified as Class III groundwater, or 
groundwater not a source of drinking water, was met. 

• Because the two EPA criteria for economic infeasibility were met, it was concluded that 
McKittrick area groundwatershould bedesignated as Class II~ or groundwater not a source 
of drinking water. 

The June 1998 EPA guidelines for classifying groundwater also have an economic 
untreatability threshold based on the annualized total costs of replacement or hypothetical 
systems that exceed the costs faced by 90% of community water -supply system users (U.S. 
Environmental Protection Agency, 1988). This ninetieth percentile economic untreatability 
threshold is calculated using the following equation: 

Threshold= [(-200.255) x Log (Size)]+ 1,248. 727 
Where: 
Threshold= Threshold cost in dollars per household per year 
Size = User population, in individuals 

For a McKittrick area population size of22,000: 
Threshold = [(-200.255) x Log (22,000)] + 1,248. 727 

= $379.14 

The Kennedy/Jenks study calculated increases in costs of$17,345 per household for the 
165,000 GPD small system and $2,695 per household for the 2.85 MGPD large system are 
significantly in excess of the ninetieth percentile economic untreatability threshold of $3 79.14 
per-household by a factor of about 46 and 7 times, respectively. Because this EPA economic 
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untreatability guideline also was met, McKittrick area groundwater was demonstrated to be 
classified as Class III, or groundwater not a source of drinking water. 

Mr. Fernando Granizo, a n OEHI facilities engineer , reviewed the Kennedy/Jenks study to 
determine if water treatment costs would still be relevant SJEC provided updatoo information 
on median household income, number of persons per household, per capita water usage, and 
households/population served. OEHI concluded that the economics of the earlier study were 
relatively comparable and that the cost to treat Tulare groundwater in the Elk Hills field for 
use as drinking water would still be economically infeasible. 

Tulare groundwater in the Elk Hills field contains high concentrations of TDS, iron, chloride, 
sulfate, boron, and sodium, which are comparable to the McKittrick area groundwater in the 
Kennedy/Jenks report (Table 9). However, it also locally contains hydrocarbons and 
strontium, as well as a high concentration of lead, all of which would need to be treated before 
being used as drinking water. These additional sources of contamination in Elk Hills Tulare 
groundwater, as discussed in Sections G, I, and J of this document, would increase treatment 
costs and, consequently, increase the economic infeasibility to treat it for use as drinking water 
For this reason, the Tulare groundwater in the Elk Hills field should be considered as Class III 
groundwater. It is believed that the Tulare groundwater has a low resource value except for 
use in Class I non-hazardous and Class II UIC injection operations. 

Table 9 

Comparison of Tulare Groundwater in the Elk Hills Field and the McKittrick Area 

Constituent 
Tulare Groundwater 

McKittrick Area (mg/1)* 
Lead <0.05 
Selenium <0.05 
Iron 0.56 
TDS 6,100 

Chloride 1,600 
Sulfate 1,200 
Boron 21 
Sodium 1,300 
Strontium Not analyzed 
Hydrocarbons Not analyzed 

* See Exhibit 40. 

Occidental of Elk Hills, Inc. Page 3 6 
San Joaquin Energy Consultants, Inc.- 10/2114 

Tulare Groundwater 
Elk Hills Field (mg/1) 

0.0208 
Below Amnicola claystone: 0.720 

<0.1 to 37 
4,150 to 8,720 

Below Amnicola: 7,168 to 20,000 
1,000 to 6,049.5 

840 to 1,800 
3.7 to 10.0 

856 to 1,800 
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M. CONCLUSIONS 

• The WKWD, the local water district within the area of review, has declared that the Tulare 
Formation in the Elk Hills aquifer exemption area does not currently serve as a source of 
drinking water and will not reasonably be expected to supply a public water system. 

• The Tulare Formation in the Elk Hills field has been referred to and treated as an exempt 
aquifer by the EPA. On February 21,2001, the EPA authorized Class I non -hazardous 
injection in two Tulare disposal wells for Elk Hills Power under UIC Permit #CA200002. 
In addressing public comments received during the review process, the EPA wrote that it 
" ... had made the determination that the Tulare Formation within the Area ofReview is an 
exempt aquifer." The area of review for the Elk Hills Power UIC permit was in section 
18G, which has Tulare groundwater that is comparable in its poor quality to other areas of 
the Elk Hills field. The UIC permit was modified on June 3, 200 4, to authorize two 
additional Tulare injection wells. Nearly35 million bbls of industrial, nonhazardous fluids 
produced during the operation of the Elk Hills Power Plant were injected into the Tulare 
Formation in the southern area of the Elk Hills field. 

• The Tulare Formation within the Elk Hills field has been regularly described and treated 
by the DOGGR as an exempt aquifer for Class II UIC injection. Two Tulare Class II 
wastewater disposal projects and several project expansions in the Elk Hills field have been 
approved by the DOGGR. Since July 1981, more than 1.06 billion bbls of produced water 
have been injected in to the Tulare Formation using more than 130 Tulare wastewater 
disposal wells. 

• The Tulare Formation has been used si nee July 1981 as an injection zone for produced 
water. Although this post -dated the submittal of the DOGGR's Primacy Application in 
April 1981, it was 14 months before the EPA granted final approval of this primacy in 
September 29, 1982. In this 14-month interim, the Tulare Formation in the Elk Hills field 
was not included in the Primacy Application. As a result, it was not designated as an 
exempt aquifer based on being a non -hydrocarbon producing zone used for wastewater 
disposal when the DOGGR-EPA MOA was approved in September 1982. 

• Oil has been produced from the Tulare Formation in the Elk Hills fieldsince 197 5 and was 
documented as a March 1975 discovery in in the DOGGR's 1998 version ofCalifornia Oil 
and Gas Fields. Although this pre-dates the DOGGR's April1981 Primacy Application, 
the Tulare Formation in the Elk Hills field was not included as an exempt aquifer based on 
hydrocarbon production when the DOGGR-EPA MOA was approved in September 1982. 

• TDS concentrations in Tulare groundwater within the area of review are more than 3,000 
mg/1 and can range up to 20,000 mg/1 below the Amnicola clay stone in areas of the Elk 
Hills field. Where TDS concentrations exceed 10,000 mg/1, the Tulare Formation does not 
meet the definition of a protected USDW and therefore is an exempt aquifer . High 
concentrations of lead, iron, TDS, chloride, sulfate, boron , and sodium in Tulare 
groundwater result mainly from naturally -occurring sources and its use a disposal zone in 
Class II UIC injection operations. 
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• Tulare groundwater is unfit for municipal and agricultural uses because it has: 1) a lead 
concentration that exceeds the California Title 22 primary MCL for drinking water; 2) 
concentrations of TDS, chloride, and sulfate in excess of secondary drinking water 
standards; 3) boron, strontium, and sodium concentrations that are significantly higherthan 
regulatory thresholds for human health, agricultural uses, and/or livestock watering ; 4) 
petroleum in local areas of the field ; and 5) iron concentrations that are v ariable but can 
occur in excess of the secondary MCL for drinking water. 

• The EPA criteria for economic infeasibility of treating Tulare groundwater in the 
McKittrick area for use as drinking water were met because treatment costs: 1) were more 
than 0.4% of the median annual income per household in the area; 2) exceeded 100% of 
the current annual water rate; and 3) w ere greater than the ninetieth percentile economic 
untreatability threshold of $3 79.14 per household annually. 

• The Tulare groundwater in the E lk Hills field can be characterized as Class III , or 
groundwater not a source of drinking water, because: 1) its TDS concentrations are more 
than 3,000 mg/1 and less than 10,000 mg/1; 2) the EPA's economic infeasibility criteria to 
treat McKittrick area groundwater for use as drinking water are met : and 3) Tulare 
groundwater in the Elk Hills area is at least as poor , and likely poorer, in quality as the 
economically untreatable Tulare groundwater in the McKittrick area. 

• There are no known domestic water wells within the area of review based on searches of 
water well databases, review of well records, and site reconnaissance. 

• According to its 1997 Groundwater Management Plan, the WKWD believed that: 1) its 
supplies were adequate to meet peak daily demands and future needs; and 2) despite 
potential shortages in SWP deliveries, it did not need to pursue additional sources of water. 

• The Tulare groundwater in the Elk Hills field has low resource value except for its use m 
Class I non-hazardous and Class II UIC injection operations. 

• Hydraulic fracturing will not be required as part of Tulare development in the Elk Hills 
field. 
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Respectfully submitted, 

Donna M. Thompson 

California Professional Geologist No. 5347 
California Certified Hydrogeologist No. HG 241 

Please note that all geologic maps, cross-sections, discussion of salinity calculations, and salinity 
calculation exhibits and some discussion of groundwater characterization in this document were 
prepared by Mr. Stephen A. Reid, California-licensed Professional Geologist No. 3876. 
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Exhibit 1 

Map of Elk Hills Tulare Aquifer Exemption Area and Well Locations 

ED_ 001 000 _ 00029908-00053 



Legend 

OEHIWELLS 
TYPE 

Occidental Of Elk Hills, Inc. 
ELK HILLS - DOGGR ADMIN BNDRY 

Wells 

Elk Hills Tulare aquifer exemption area showing locations and types of wells within the area of review 
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Exhibit 2 

Topographic Map 
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Occidental 01 Elk Hills, Inc, 
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SURROUNDING FIELDS -TULARE EXEMPTION 
N TOPO 

+ 
9/11114 

Topographic map of the Elk Hills field showing existing Tulare aquifer exemptions in all or portions of the surrounding oil fields 
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Exhibit 3 

Declaration from Local Water Agency 

ED_ 001 000 _ 00029908-00057 



Declaration from the West Kern Water District 
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Declaration from the West Kern Water District 
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Exhibit 4 

Excerpts from the EPA Letter Dated May 17, 1985 
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Page 1 of the 5/17/85 EPA Letter 

Occidental of Elk Hills, Inc. Exhibit 4-1 
San Joaquin Energy Consultants, Inc.- 10/2114 

Tulare Zone Aquifer Exemption Document 
Elk Hills Tulare Final100214 Rev1.docx 

ED_ 001 000 _ 00029908-00061 



Page 2 of the 5/17/85 EPA Letter 
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Page 3 of the 5/17/85 EPA Letter 
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Attachment 5, Page 1, of the 5/17/85 EPA Letter 
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Attachment 5, Page 2, of the 5/17/85 EPA Letter 
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Attachment 6 of the 5/17/85 EPA Letter 

Occidental of Elk Hills, Inc. Exhibit 4-6 
San Joaquin Energy Consultants, Inc.- 10/2114 

Tulare Zone Aquifer Exemption Document 
Elk Hills Tulare Final100214 Rev1.docx 

ED_001000_00029908-00066 



Exhibit 5 

Index Map of Oil Fields 
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NOTE: Please refer to document text for descriptions of the 
areal extent of the Tulare aquifer exemptions in these fields. 
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Exhibit 6 

Elk Hills Field Geologic Data 
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ELK HILLS 01 L fll' E D 

Elk Hills Field Geologic Data: 1973 California Oil and Gas Fields (Pre-Primacy Agreement) 
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ELIC HILLS 01 IELD 

Elk Hills Field Geologic Data: 1973 California Oil and Gas Fields (Pre-Primacy Agreement) 
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Elk Hills Field Geologic Data: 1973 California Oil and Gas Fields (Pre-Primacy Agreement) 
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ELK 0 L IELD 

Elk Hills Field Geologic Data: 1998 California Oil and Gas Fields (Post-Primacy Agreement) 
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ELK HILLS OIL FIELD 

DECEMBER 1994 

Elk Hills Field Geologic Data: 1998 California Oil and Gas Fields (Post-Primacy Agreement) 
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COUNTY! KERN ELK HILLS OIL FIELD 
SHEET1 OF3 

DISCOVERY WELL AND DEEPEST WELL 
Total Strat.&•se depth 

Present operator and well designation Ori8,inal operator and well designation Se<. T. & R. B.&M. (feet) Pool (zone) at toto! depth 

Discovery w~ll Bechtel Petroleum Operations, Inc. Associated Oi1 Co, No. I AI 26 30S 23£ MD 4,030 Calitroleum 
No. 1-26R {Upper) 

Deepest well Bechtel Petroleum Operations. Inc~ Same as present 29 30S 23E MD 24,426 basement 
No. 934-29R Cretaceous (?) 

POOL DATA 

ITEM TULARE MYA GAS SCAI.EZ Ef 
FIELD OR 

MUL!NlA £! B!TTIUM Ef AREA DATA 

OiKovery date --.. ~-····-·-·--· March 1975 May 1919 
Initial produdion rates 

on <bbllctovl ·-·-······-- 1 
Cu !Md/doyl -·-·····-·· 3 33,000 

flow ........... {psi) ____ 

Bean size (in.)---·---..... on pump -
Initial reservoir 

........... (psi) ---·-····-····- 340*' 1,000 1,44{) 1 ~3()(rlt* 1~400** 

--perature ('f) ·-- 1,4~*' 
109 no 124 130** 

lnltlil oil content (STB/oc...ft.) -·- - - - -
Initial po -nt(MSCF/..:At.)-
Formation------·-·--·- TulaYe san Joaquin San Joaquin Etchegoin Etchegoln 

Geolosi< • ···------·····-·-· Pleistocene Pliocene Pl1ocene Pliocene Pliocene 
Ave,_ depth (ft.) ·---··-········ 1,120 2:,300 2,400 2,700 2,850 
Aver.ap net thid<nesJ (ft.) ...... - .. 50 so &0 55 20 
Maximum productive 

area {acres)--... - .... --. 30 10,260 13,0ll() 14,420 3,230 

R£SEIIYOIR ROO( PROflRTI£5 

l'or<loity (%) ·-·---·---··- 30-40 (~~;J 30-47 (36* b-43 (34* 12-46 (34*) 33* 

So; (%) ------·------·· - .. 
Sw! (%) --·-····------ 45*' 24 33 45 

511 {%) --·-···--·--·---
-billty loalr (md) --- 2-8,100 {2.050*) 50-11,400 (1 ,2;:. 4-31,650 (1,428* 3-22,340 {990*) 440* 

R£SERVOIR FLUID PROPERTIES 
... 

Oil: 
on sravlty <'API! ·-----
Sulfur COII!ent (%by wt.)-••• 

10 - 18 21 -
lnitialsolut:ian 

GOR (SCf/STB) ---··· 20** - - - .. 
Initial oil FYf (RB/ST8!--•••• 1 .. 02** - .. .. 
llubble polntpmo. (psiaJ.-..... 
Vltcooity (cp) @ 'f--- - - 18 @ 132 20 @ 135 -

c..: 
Spedlk .,..uy (air = 1.111--- OA5** 0.65-0.70 - - -
Hatlno value (Btu/cu. ft.)-····· - 1,020 - -

Water. 
S.Hnity, N.CI (ppm) --· 3,596 24,300 21,700 20,000 .. 
T.D.S. (ppm)_ .. ____ 4,560 37,300 33,400 32,400 

ltw(ohm/m) (17'F) ··---· 1.50 0.24 0.20 0.20 -
ENHANCED RECOVERY PltOJECTS 

Eahanced rec-rv proj--- eycl fc steam E! waterfl ~g~ ' O.telllarkd.----·-·-· 1975 
O.te ditc:ontinued ···---·- 1975 active 

steamtloo<t 
1989 
19>1 

pressure 
maintenance 

1991 
active 

Pule oil pnlduc:tion (bbl) : 6,228 7,713,136 
Year-- 1983 1986 

Pule po productiGn, net (Mel) 

Y---------
...., of fresh water (ft.): None 

......... Elk: Hills is operated by Bechtel Petroleum Operations. Inc .. {ana previously by 'Williams Brothers. Ensineerinf, t-o.) tor the l.h!>. !Jept. ot Lner~* a;. 
Unft Operator Naval Petroleum Reserve No. 1. 

a/ standard on Co. of Calif. 11Hay" 1. completed in January 1919. is senerally regaraea as the <1iscovery well; alth~Ju&fi Associateo hell tto. 1 was 
- completed earlier~ in June 1911. 
b/ 
£.! 

A gas storage project was initiated in 1978. 
The Upper pool includes the SCalez. Mu1fnia, Sittium, Wilhelm, Gusher, Calitroleum, ano OH!:; sanos. All pro®ctton is reporte« os Upper .. 

Sele<1ed- cart.:r. R.D •• R.J. Lantz. ar'ld J.C. Maher~ 1975, Petroleum Geology of haval Petrolet.m1 Reserve ho. I* Clk. tolls, t..ern LObfitj! b~, 

Geological Survey Prof. Paper 912~ 
l<ohlbush, R.L., 1977, Tule Elk on Field: Ca1ff. Oiv. of 011 ana Gas, Pub. No. lR19. 

DATE: October 1991 *Average value **Estimated value 
DEPARTMENT OF CONSERVATION I DNISION OF 011., GAS, AND GEOTHERMAL RESOURCES 

Elk Hills Field Geologic Data: 1998 California Oil and Gas Fields (Post-Primacy Agreement) 
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ILK HIUS OIL FIElD 

Elk Hills Field Geologic Data: 1998 California Oil and Gas Fields (Post-Primacy Agreement) 
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Elk Hills Field Geologic Data: 1998 California Oil and Gas Fields (Post-Primacy Agreement) 
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Exhibit 7 

Asphalto Field Geologic Data 
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ASPHALTO 

Asphalto Field Geologic Data: 1973 California Oil and Gas Fields (Pre-Primacy Agreement) 
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Asphalto Field Geologic Data: 1973 California Oil and Gas Fields (Pre-Primacy Agreement) 
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Exhibit 8 

Buena Vista Field Geologic Data 
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BUENA OIL 

Buena Vista Field Geologic Data: 1973 California Oil and Gas Fields (Pre-Primacy Agreement) 
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BUENA VISTA 

Buena Vista Field Geologic Data: 1973 California Oil and Gas Fields (Pre-Primacy Agreement) 
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Exhibit 9 

Railroad Gap Field Geologic Data 

ED_ 001 000 _ 00029908-00085 



RAILROAD GAP OIL. FIELD 

Railroad Gap Field Geologic Data: 1973 California Oil and Gas Fields (Pre-Primacy 
Agreement) 

Occidental of Elk Hills, Inc. Exhibit 9-1 
San Joaquin Energy Consultants, Inc.- 1012114 

Tulare Zone Aquifer Exemption Document 
Elk Hills Tulare Final100214 Rev1.docx 

ED_001000_00029908-00086 



Railroad Gap Field Geologic Data: 1973 California Oil and Gas Fields (Pre-Primacy 
Agreement) 
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Exhibit 10 

Midway-Sunset Field Geologic Data 

ED_001000_00029908-00088 



· MIDWAY-SUNSET OIL FIELD 

Midway-Sunset Field Geologic Data: 

1973 California Oil and Gas Fields (Pre-Primacy Agreement) 

The extent of the aquifer exemption in the Pleistocene Tulare Formation is not shown on this map. 
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MIDWAY-SUNSET OIL F1ELD 

Midway-Sunset Field Geologic Data: 

1973 California Oil and Gas Fields (Pre-Primacy Agreement) 

The extent of the Tulare aquifer exemption is shown by portions of the shaded areas on this map. 

Occidental of Elk Hills, Inc. Exhibit 10-1 
San Joaquin Energy Consultants, Inc.- 10/2114 

Tulare Zone Aquifer Exemption Document 
Elk Hills Tulare Final100214 Rev1.docx 

ED_001000_00029908-00090 



I 
I 

. MIDWAY-$liN81tT OIL FIELD 

Midway-Sunset Field Geologic Data: 

1973 California Oil and Gas Fields (Pre-Primacy Agreement) 

The extent of the Tulare aquifer exemption is shown by shaded areas in that zone. 
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MIDWAY· SUNSET FIELD ' 

Midway-Sunset Field Geologic Data: 

1973 California Oil and Gas Fields (Pre-Primacy Agreement) 

The extent of the Tulare exempt aquifer is shown by shaded areas in that zone. 
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Midway-Sunset Field Geologic Data: 

1973 California Oil and Gas Fields (Pre-Primacy Agreement) 
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Exhibit 11 

McKittrick Field Geologic Data 

ED_001000_00029908-00094 



MC KITTRICK OIL FIELD 

McKittrick Field Geologic Data: 

1973 California Oil and Gas Fields (Pre-Primacy Agreement) 
The extent of the exempt aquifer in the Tulare Formation is shown the shaded area on the cross

sections. 
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McKittrick Field Geologic Data: 

1973 California Oil and Gas Fields (Pre-Primacy Agreement) 
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Oil AND GAS 

McKittrick Field Geologic Data, Main Area: 

1973 California Oil and Gas Fields (Pre-Primacy Agreement) 
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CALIFORNIA 

it 

McKittrick Field Geologic Data, Northeast Area: 

1973 California Oil and Gas Fields (Pre-Primacy Agreement) 
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Exhibit 12 

North Coles Levee Geologic Data 
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NORTH COLES lEVEE Oil FIELD 

North Coles Levee Field Geologic Data 

1973 California Oil and Gas Fields (Pre-Primacy Agreement) 
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Exhibit 13 

South Coles Levee Geologic Data 
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SOUTH COLES LEVEE FIELD 

South Coles Levee Field Geologic Data: 

1973 California Oil and Gas Fields (Pre-Primacy Agreement) 
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Exhibit 14 

Class I Non-Hazardous and Class II Tulare Injection Information 
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EPA Transmittal Letter: Class I Non-Hazardous Waste Injection Permit No. CAF200002 
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EPA Transmittal Letter: Class I Non-Hazardous Waste Injection Permit No. CA200002 
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Excerpt of Responses to Comments in the EPA Transmittal Letter: 

Class I Non-Hazardous Waste Injection Permit No. CA200002 
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Class I Non-Hazardous Waste Injection Permit No. CA200002: Original Permit 
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Class I Non-Hazardous Waste Injection Permit No. CA200002: Original Permit 
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Excerpts from the Modified Elk Hills Power Class I Non-Hazardous UIC Permit for the 
Tulare Formation in the Elk Hills Field, Dated June 3, 2004 
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Excerpts from the Modified Elk Hills Power Class I Non-Hazardous UIC Permit for the 
Tulare Formation in the Elk Hills Field, Dated June 3, 2004 
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Excerpt of DOGGR letter with attached list of aquifer exemptions in Kern, Tulare, and 
Inyo Counties 
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Partial list of exempt aquifers in Kern, Tulare, and Inyo Counties, showing the Tulare 
Formation in the Elk Hills field as an exempt aquifer. 
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Approval of Class II UIC Project #22800002 Expansion: 

Tulare Formation in the Elk Hills Field 
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Approval of Class II UIC Project #22800002 Expansion: 

Tulare Formation in the Elk Hills Field 

Occidental of Elk Hills, Inc. Exhibit 14-11 
San Joaquin Energy Consultants, Inc.- 10/2114 

Tulare Zone Aquifer Exemption Document 
Elk Hills Tulare Final100214 Rev1.docx 

ED_001000_00029908-00114 



Approval of Class II UIC Project #22800002 Expansion: 

Tulare Formation in the Elk Hills Field 
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Approval of Class II UIC Project #22800002 Expansion: 

Tulare Formation in the Elk Hills Field 
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Approval of Class II UIC Project #22800002 Expansion: 

Tulare Formation in the Elk Hills Field 
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Approval of Class II UIC Project #22800002 Expansion: 

Tulare Formation in the Elk Hills Field 
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Approval of Class II UIC Project #22800002 Expansion: 

Tulare Formation in the Elk Hills Field 
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Approval of Class II UIC Project #22800002 Expansion: 

Tulare Formation in the Elk Hills Field 
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Approval of Class II UIC Project #22800002 Expansion: 

Tulare Formation in the Elk Hills Field 
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Approval of Class II UIC Project #22800022: 

Tulare Formation in the Elk Hills Field 
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Approval of Class II UIC Project #22800022: 

Tulare Formation in the Elk Hills Field 
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Approval of Class II UIC Project #22800022: 

Tulare Formation in the Elk Hills Field 
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DEPARTMENT OF CONSERVATION 

Approval of Class II UIC Project #22800022: Tulare Formation in the Elk Hills Field 
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Approval of Class II UIC Project #22800022: Tulare Formation in the Elk Hills Field 
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Approval of Class II UIC Project #22800022: Tulare Formation in the Elk Hills Field 
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Tulare Wastewater Disposal Wells in the Elk Hills Field 
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Tulare Wastewater Disposal Wells in the Elk Hills Field 
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Tulare Wastewater Disposal Wells in the Elk Hills Field 
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Tulare Wastewater Disposal Wells in the Elk Hills Field 
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Tulare Wastewater Disposal Wells in the Elk Hills Field 
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Tulare Wastewater Disposal Wells in the Elk Hills Field 
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Occidental of Elk Hills, Inc. 
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Tulare Wastewater Disposal Wells in the Elk Hills Field 
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Tulare Wastewater Disposal Wells in the Elk Hills Field 
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Exhibit 15 

Geologic Map 
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Exhibit 16 

Regional Groundwater Elevation Map of the Unconfined Aquifer 
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em Groundwater 

General Area of Proposed 
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.. 
astn 

Groundwater Elevation Map of Unconfined Aquifer (Department of Water Resources, 2005) 
No unconfined aquifers shown in Tulare aquifer exemption area. 
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Exhibit 17 

Map of Designated Analysis Units in the Kern County Subbasin 
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General Area of Tulare Aquifer 
Exemption 

N 

l 

J 

Designated Analysis Units within the Area of Review, Kern County Subbasin 

(California Regional Water Quality Control Board, 2004) 
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Exhibit 18 

Type Log22 

22 All geologic exhibits in this document were prepared by Mr. Stephen A Reid of OEHI, California 
Professional Geologist No. 3876. 

-licensed 
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Exhibit 19 

Structure Contour Map of the Base of the Tulare Formation 
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Exhibit 20 

Isochore Map of the Tulare Formation Gross Thickness 
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Exhibit 21 

Structural Cross-Sections 
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Cross Section of Elk Hills, Section 18G to Section 19S 

Exhibit 21-1: North-south cross-section along dip in the central area of the Elk Hills field 
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Section 48 to Section 16R 

Exhibit 21-2: North-south cross-section along dip in the west-central area of the Elk Hills field 
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Exhibit 21-3: Northwest-southeast cross-section along strike through the central area of the Elk Hills field 
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Exhibit 22 

Structure Contour Map of the Base of the Tulare Unsaturated Zone 
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Exhibit 23 

Isochore Map of the Unsaturated Tulare Zone 
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Exhibit 24 

Stantec Borehole 43-36R 
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Stantec Borehole B-2 (43-36R) 
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Exhibit 25 

Isochore Map of the Saturated Tulare Zone 
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Exhibit 26 

Summary of Water Well Data within the Area of Review 
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Map of well locations verified by Quad Knopf, shown in red. 
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Exhibit 27 

Tulare Groundwater Analyses 
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TDS DATA FOR INDIVIDUAL SOUTH FLANK TULARE WELLS: 1979 TO 1993 

GROUNDWATER QUALITY DATA-TULARE WATER SOURCE WELLS 

Well Average TDS Year Remarks 
Concentration 

(mg/1) 
43WS-13B 4,485 1993 Idle water source well 

284WS-13B 4,545 1993 Abandoned water source well 
282WS-14B 5,820 1993 Abandoned water source well 
45WS-18G 6,142 1993 Abandoned water source well 
86WS-18G 5,665 1993 Idle water source well 

48-9G 7,168 1978 Abandoned water source well 
48-9G 11,788 1978 Abandoned water source well 

57WS-9G 6,570 1978 Abandoned water source well 
57WS-9G 11,752 1978 Abandoned water source well 
61 WS-8R* 7,009 1987 Abandoned water source well 

(Source: Phillips, 1992; NPR-1 Ground Water Protection Management Program, Apri/1994) 

*An updated groundwater analysis from 61 WS-8R, dated May 17, 1988, had a TDS concentration 
of8,720 mg/1 (OEHI UO-NPR#1 Laboratory Services, Geochemical Water Analysis). 

NOTE: Analyses in the lower Tulare Formation which have TDS concentrations greater than 
190,000 mg/1 are highlighted in yellow. All other groundwater analyses are from the upper Tulare 
interval. 
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Average Concentrations in South Flank Tulare Groundwater: 1/96 to 2/98 

(Source: Ground Water Monitoring Plan for Naval Petroleum Reserve No.1) 
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Groundwater analyses for the 82-2B in the lower Tulare interval 
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Groundwater analyses for the 82-2B in the lower Tulare interval 
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(Source: NPR-1 Ground Water Monitoring Plan, 1995) 
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(Source: NPR-1 Ground Water Monitoring Plan, 1995) 
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(Source: Ground Water Monitoring Plan for Naval Petroleum Reserve No.1, Summary of Data, January 1996 through February 1998 
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(Source: Ground Water Monitoring Plan for Naval Petroleum Reserve No.1) 

Summary of Groundwater Data, January 1996 through February 1998 
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(Source: NPR-1 Ground Water Monitoring Plan, 1995) 
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(Source: NPR-1 Ground Water Monitoring Plan, 1995) 
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(Source: Ground Water Monitoring Plan for Naval Petroleum Reserve No.1, Summary of Data, January 1996 through February 1998) 
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(Source: Ground Water Monitoring Plan for Naval Petroleum Reserve No.1, Summary of Data, 
January 1996 through February 1998) 
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(Source: NPR-1 Ground Water Monitoring Plan, 1995) 
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(Source: NPR-1 Ground Water Monitoring Plan, 1995) 
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TABLE 

(Source: Ground Water Monitoring Plan for Naval Petroleum Reserve No.1, Summary of Data, January 1996 through February 1998) 
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(Source: Ground Water Monitoring Plan for Naval Petroleum Reserve No.1, Summary of Data, January 1996 through February 1998) 

Occidental of Elk Hills, Inc. Exhibit 27-16 
San Joaquin Energy Consultants, Inc.- 10/2114 

Tulare Zone Aquifer Exemption Document 
Elk Hills Tulare Final100214 Rev1.docx 

ED_001000_00029908-00184 



.11'1- ,,_ 

GIOCHift\ICAL ANALYSIS Of WA Ill Pro-391 
OAU OF Uf'OIIT 
~Afl OF IAM,I.INII 
liAM,LIO IY 
LAIOI:iUIIIIY Nil. 

IOIIUIM 
CALCIUM C• 
MIIHIIIUM Mt 
IIAIUUM It 
lfRIINTIUiil fr 

II.ILI"Hi'fl 
C:Mi.OIIIIII 
Cill811fUlfl 
IIICilllliiHATI 
HVI:IIIOIIIIU! 

11:11:111:11 

!IIUCA 
111011. AUIIiiiiU 

~ 
lUll. II 
Ultflll 

UltOilll ACIOI 
filiAl AC:III 

1114 
I:: I 

OM 

I 

IIII'''L GIIIICTII 
PIIMIIY IALINITV 
IIICGHIIIII'Y IIALIHITV 
PRIMAl¥ ALKALINITY 
IICINIIAIIY iLKAI.IMITT 

1111 lliii,I."IIIIIUI 
ICIIIOfll 
HYDIIIISifll II.II.FIDI 
IWIIIAI.IIn liLT 
IIIIIITIYifY I TT•F 

Groundwater analyses for the 48-9G in the lower Tulare interval 

Occidental of Elk Hills, Inc. Exhibit 27-17 
San Joaquin Energy Consultants, Inc.- 10/2114 

Tulare Zone Aquifer Exemption Document 
Elk Hills Tulare Final100214 Rev1.docx 

ED_ 001 000 _ 00029908-00185 



GIOCHIMitAL ANALYSIS OF WAl'l Pro-391 

~Afl or IAMPI.IMG 
IIAMI'I.ICI IV 

I.AIOIUCIIIY NCI. 

1100 I 1.1111 +Pot:I!U!Jsi um •• 
CALCIUM c. 
lr!AIMU~UM ... 
I iliUM •• 
ITIOIU I IIIII tr 
:r~ ~'• 

llll.f'NUI so, 
C:III.OIIIOI ca 
UllaOifUI 
I H:::AIIIOiliLUI 
H'I'IIIOIIU!I OH 
lOIII fiii I 

IIUCA 
11108, I.LUIJiitKI. 

Al.,l!AL II 
I AU II., 
IITIIOMCI AC: Ulll 
!flU ACIIIII 
CIII~MIJ 61 
C:HI.OI!IIIII IAt.llUf'l' 

2'1.40 

t:bim l. 

l.42 

42.() 
48l6.2 

16.6 l 

l0062. 351.1 lOO.OO 

IIIIIIOILI.UIIUI 
NIIIIK 
NYQIIOOIM IULfiCII pp. 
IOU I\IAUIIIT I AI. T 

IICOMIAIY lt.IAI.IHITY IIIIITIYITY I 77°r 
CIII.OIIIUTY 1!145 

II'ICirlt CIIIVITT 

Groundwater analyses for the 48-9G in the lower Tulare interval 

Occidental of Elk Hills, Inc. Exhibit 27-18 
San Joaquin Energy Consultants, Inc.- 10/2114 

Tulare Zone Aquifer Exemption Document 
Elk Hills Tulare Final100214 Rev1.docx 

ED_001000_00029908-00186 



Groundwater analyses for the 48-9G in the lower Tulare interval 
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Tulare groundwater analyses for the 45WS-18G 
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Tulare groundwater analyses for the 86W -18G 
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Tulare groundwater analyses for the 86W -18G 
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(Source: NPR-1 Ground Water Monitoring Plan, 1995) 
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(Source: NPR-1 Ground Water Monitoring Plan, 1995) 
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(Source: Ground Water Monitoring Plan for Naval Petroleum Reserve No.1, Summary of Data, January 1996 through February 1998) 
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(Source: Ground Water Monitoring Plan for Naval Petroleum Reserve No. 1, Summary of Data, January 1996 through February 1998) 

Occidental of Elk Hills, Inc. Exhibit 27-28 
San Joaquin Energy Consultants, Inc.- 10/2114 

Tulare Zone Aquifer Exemption Document 
Elk Hills Tulare Final100214 Rev1.docx 

ED_001000_00029908-00196 



Tulare groundwater analyses for the 284WS-13B 
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Tulare groundwater analyses for the 284WS-13B 
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Exhibit 28 

Tulare Water Source Well Location Map 
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Exhibit 29 

Regional Map of TDS in Groundwater 
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Exhibit 3023 

Comparison of Measured and Calculated Salinities 

23 Discussion of salinity calculation method and all geologic work ithis exhibit was prepared by Mr. Stephen A. Reid 
ofOEHI, California-licensed Professional Geologist No. 3876. 
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SALINITY CALCULATION METHOD 

Calculation of salinity is a four step process: ( 1) converting measured density to formation 
porosity, (2) calculation of apparent water resistivity using the Humble equation, (3) correcting 
apparent water resistivity to a standard temperature, and ( 4) converting temperature corrected 
apparent water resistivity to salinity. 

For step 1, the equation to convert measured density to porosity is: 

POR = (Rhom - RHOB) I( Rhom-Rhof) 

Parameter definitions for the equation are: 

POR is formation porosity 
Rhom is formation matrix density (glee); 2.65 glee is used for sandstones 
RHOB is calibrated bulk density taken from well log measurements (glee) 
Rhof is fluid density (glee); 1.00 glee is used for water-filled porosity 

For step 2, the Humble equation calculates apparent water resistivity. The equation as described 
by Davis (1988) is: 

Rwah = ((POR **m) * XRESD)Ia 

Parameter definitions for the equation are: 

(ohmm) 

Rwah is apparent water resistivity ( ohmm) 
POR is formation porosity as derived from the density conversion formula 
m is the cementation factor; 2.15 is the standard value used in the Humble equation 
XRESD is deep reading formation resistivity taken from well log measurements 

a is the Archie constant; 0.62 is the standard value used in the Humble equation 

For step 3, Humble apparent water resistivity is corrected from formation temperature to a 
surface temperature standard of75°F: 

Rwahc = Rwah * ((TEMP)+6.77)1(75+6.77) 

Parameter definitions for the equation are: 

Rwahc is apparent water resistivity (ohmm), corrected to surface temperature 
TEMP is downhole temperature based on temperature gradient COF) 

Step 4 is the conversion of corrected apparent water resistivity to salinity. There are two ways to 
accomplish this: either by using a nomograph from a standard industry chart book 
(Schlumberger, 1978, Chartbook GEN-9). A formula may also be used for the conversion (from 
Baker Hughes, 2002, introduction to Wireline Log Analysis, p. Ill): 
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SAL_h = 10 ** ((3.562-(Log10(Rwahc-0.0123)))/.955) 

Parameter definitions for the equation are: 

SAL_h is salinity from corrected Rwahc (ppm) 
Rwahc is apparent water resistivity, corrected to surface temperature (ohmm), 

calculated above 

As a demonstration of the four-step calculation process, salinity for Sand 86E-2 is calculated at 
1020' (md) in wel186E-34R. For the calculations, input parameters from the wellbore logs are: 

RHOB = 2.184 glee 
TEMP = 90.4°F 
XRESD = 2.136 ohmm 

For step 1, the equation to convert measured density to porosity is: 

POR = (Rhom- RHOB) /( Rhom-Rhof) 

POR = (2.65 - RHOB) /( 2.65 - 1.0) 
= (2.65- 2.184)/( 2.65- 1.0) 

0.2824 
= 28.2% porosity 

For step 2, the Humble equation calculates apparent water resistivity: 

Rwah = ((POR**m) * XRESD)/a 

Rwah = ((POR**2.15) * XRESD)/0.62 
= ((0.2824**2.15) * 2.136)/0.62 

= 0.227 ohmm@ 90.4°F 

For step 3, Humble apparent water resistivity is corrected from formation temperature to a 
surface temperature standard: 

Rwahc = Rwah * ((TEMP)+6.77)/(75+6.77) 

Rwahc = Rwah * (TEMP)+6.77)/(75+6.77) 
= 0.227 * (90.4 +6.77)/(75+6.77) 
= 0.269 ohmm@ 75°F 

For step 4, the formula method is used for the conversion of corrected apparent water resistivity 
to salinity. 
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SAL_h = 10 ** ((3.562-(Log10(Rwahc-0.0123)))/.955) 

SAL h = 10 ** ((3.562-(Log10(Rwahc-0.0123)))/.955) 
= 10 ** ((3.562-(Log10(.269-0.0123)))/.955) 
= 10 ** ((3.562+.5905)/.955) 
= 22,300 ppm TDS 

The nomograph is also used to estimate salinity from corrected apparent water resistivity and 
temperature. At the depth of 1020' (md) in well 86E-34R, the nomograph salinity value is 
between 23 and 24 kppm, or between 23,000 and 24,000 ppm. 
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Observations 

Upper test: measurements 
consistent with all three nff•~;<>tl'ina 

lower test: measurements 48-9G 
over time may reflect influence of 

lower TOS water from 
and seems to haw input 
sands interval but becomes more 
dominated topmost sands end of 
week. 

Overall, calculated TDS wells is 
consistent measured values from the 
two zone tests 48-9G. The base of 

Comparison of Measured and Calculated Salinities in the Lower Tulare in the 9G Area 
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An<~lvtlcal measurements 45WS-18G 
ami 86-18G are in the range of calculated 

Tests: TDS 
4700 

Comparison of Measured and Calculated Salinities in the 18G Area 
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values 
calculated in 54WD~ 1381 and ""ll@il"',"" 

lower intervals not nPrl4>tl'l'lt4>,tf 

54W0-138 are water 
284WS-138. OVer time, TOS 

the well and 

Comparison of Measured and Calculated Salinities in the 13B Area 
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Exhibit 31 

Tulare Core Analyses 
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CONVENTIONAL CORE ANALYSES IN THE TULARE FORMATION 

Bechtel UONPR #1 CH-27R Williams Brothers Engineering Co. 36-30R 
Depth Description Horiz. Ka Vert. Ka Porosity Depth Description Vert. Ka Porosity Oil Sat. 

(md) (md) (%) (md) (%) {%) 
82.0 Sand 38.6 1,170.05 Sandstone 2,090.0 37.2 
90.0 Sand 224.1 1,171.05 Sandstone 256.0 39.1 
90.1 Sand 117.1 1,172.05 Sandstone 4,320.0 34.4 
92.0 Sand 94.5 30.0 1,173.05 Sandstone 1,450.0 39.4 

277.7 Sand 60.0 1,174.1 Sandstone 572.0 37.7 
285.5 Sand 29.2 1,175.05 Sandstone 1,030.0 33.7 
286.0 Sand 23.5 25.6 1,180.05 Sandstone 59.0 31.9 
429.0 Sand 3,331.4 35.8 1,181.05 Conglomerate 2.0 12.3 
430.0 Sand 44.2 1,182.1 Silty sandstone 724.0 31.1 
430.1 Sand 3,114.6 41.5 1,183.05 Sandstone 3,080.0 24.2 
435.6 Sand 3.7 1,184.05 Sandstone 3,200.0 35.8 
463.5 Sand 42.4 1,185.1 Sandstone 1,980.0 38.7 
490.0 Sand 3,544.5 37.7 1,186.2 Sandstone 1,840.0 39.3 
530.7 Sand 2,402.4 40.7 1,187.25 Sandstone 2,040.0 40.4 
531.0 Sand 3.7 1,188.8 Sandstone-siltstone 152.0 30.8 
539.9 Sand 2,698.1 37.9 1,189.7 Silty sandstone 328.0 38.3 
565.0 Sand 661.7 1,190.75 Silty sandstone 1,770.0 38.1 
644.6 Sand 17.0 1,205.8 Sandstone 7.7 33.8 
665.0 Sand 7,446.6 39.1 Average: 1,383.4 34.2 30.5 
679.0 Sand 3,505.8 40.6 Minimum: 2.0 12.3 0.0 
713.0 Sand 37.9 Maximum: 4,320.0 40.4 67.7 
725.1 Sand 20.7 
773.0 Sand 4,092.7 40.8 
774.0 Sand 2,413.2 37.3 
837.0 Sand 2,511.2 37.7 
850.0 Sand 1,630.5 
856.0 Sand 489.2 35.9 
877.1 Sand 1,678.2 37.4 
899.0 Sand 33.3 
913.0 Sand 2,844.3 34.9 
918.0 Sand 38.3 
920.4 Sand 1,351.2 
974.5 Sand 33.4 
982.0 Sand 36.2 
988.0 Sand 37.0 

Average: 2,722.6 1,236.0 36.9 Average, Both Wells: 1,314.0 35.8 
Minimum: 23.5 3.7 25.6 Minimum, Both Wells: 2.0 12.3 
Maximum: 7,446.6 3,544.5 44.2 Maximum, Both Wells: 4,320.0 44.2 

*=Not used in anal sis er notation on re ort. 
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Bechtel UONPR #1 CH-27R 
Depth Description Horiz. Ka Vert. Ka Porosity 

(md) (md) (%) 
266.0 Silt 1752.1 * 36.6 
279.5 Silt <0.1 
559.8 Clay <0.1 
605.0 Clay <0.1 
694.1 Silt <0.1 
750.0 Silt 0.1 
820.0 Clay 1.0 
893.3 Clay <0.1 
938.0 Silt 26.8 
940.8 Silt 1.0 
951.0 Silt 26.1 
960.0 Claystone 24.9 
963.0 Silt <0.1 
969.0 Claystone 26.9 
990.2 Silt 2.7* 

998.0 Claystone 34.7 
998.0 Claystone 23.6 38.6 

Average: 23.6 0.7 30.7 
Minimum:: 23.6 <0.1 24.9 

Maximum: 23.6 1.0 38.6 

* = Not used in analysis per notation on report. 
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Bergeson (1988) Core Analysis Summary 
Well Core No. Permeability Porosity Oil Sat. 

Type Samples (md) (%) (%) 
All Samples 

26E-30R Sidewall 11 
26E-30R Core 33 
36E-30R Core 52 
36E-30R Core 50 
36E-30R Sidewall 13 

Whole Curve Average: 159 
Minimum:: 
Maximum: 

Good Oil Sand Only 
26NE-30R Core 
36E-30R Core 

Average: 
Minimum:: 
Maximum: 

NOTE: All cores cut with water-based mud. 
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1,111 38.4 31.2 
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Exhibit 32 

Maps of Producing Areas and Petroleum Occurrences in the Tulare Formation24 

24 All geologic work in this exhibit was prepared by Mr. Stephen A. Reid ofOEHI, California-licensed Professional 
Geologist No. 3876. 
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Oil shows in sidewall core 

Area of oil 

Area of gas 

Map of Producing Wells and Wells with Oil and Gas Shows in the Northwestern Area of the Elk Hills Field 
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Oil Shows in Well 316X-30R 

CORR 

Tulare oil shows in the 316X-OR 
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Oil Shows in Well 342-29R 
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Oil Shows in Well 323-33R 
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Oil Shows in Well 348-19R 
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Oil Shows in Weii48-19R 

H~aNKOHL 
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Oil Shows in Well 381-14Z 
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Oil Shows in Weii317X-13Z 
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Oil Shows in Well 366-25Z 
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Map of Sumps within the Area of Review 
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Locations and types of sumps in the Elk Hills field. See Table 8 of this document for the current status of these sumps. 
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Protected Farmland 

Farmland 

Grazing Land 

Other Land 

Agricultural Land Use Map for a Portion of the Elk Hills field 
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Map of Water Districts within the Area of Review 
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Map of Water District in the Aquifer Exemption Area 

Note: The Elk Hills field lies entirely within the West Kern Water District service area. 
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EVALUATION OF ECONOMIC FEASIBILITY OF TREATING 
McKITTRICK AREA GROUNDWATER FOR USE AS 

DRINKING WATER 
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Evaluation of total water 
Evaluation of treatment process cost 

PPENIDIXA 

OF ANDO&M 
GROUNDWATER AT THE 
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EXECUTIVE SUMMARY 

United States Environmental Protection """'"""'" 
document entitled "Guidelines 

to catl:~go:rize 
the , .. ,..nruf'~l 

•nrl:"v::~:tAr cannot be treated 
"mE:tth<lds reasonable 

limited number of 
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'""'"-111Jl:n,,r s"""t,.,.m."" or "methods 

acre-foot is about ..,...,~'·"'"rv 
10 to 70 more than 

of 
of the 
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SECTION 1.1NTRODUCTION 

Background 

Resource Control 
"source of f1ri''"'r•n 

concentrations of 
treatment oost of the water as uneconomical for 

This evaluation documents the technical and <~>""'"n'"""'" feasibilitY McKittrick area 
•n~'~'"'"'''"'"" for use as a water source. The EPA has 091i19II'>O~!o a draft final nwn::>r~""' 

"'"'""n"''"' entitled "Guidelines for Ground~Water under the EPA 
to based on their uses. 

Class Ill not 
for evaluation. A brief summary EPA's 
below. 

Summary of EPA Guidelines for Ground-Water Classification 

• Class I 
• Class II 
• Class Ill 

• 
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As indicated in the above statement the technical and economic 
classification McKittrick area will be evaluated in this 
economic basis for of Class Ill water the EPA is 
summarized below: 

Technical basis for classification of groundwater as Class Ill water 
111'r•ru·t11inn to the EPA may be as Class Ill if no """"''"'"''!:>nl<:> 
'"""nnrunrn1 is available for of the contamination. The document has "'"'vrrtAn 
of used and those not used 
facilitate classification based on Table 1 "'""""'"""''tq 
tecinncliO(Iles identified EPA. 

Table 1: List of treatment technologies used and those not used in public 
water 

oxidation 

concentrations of TDS 
in Public Water sv~~t.:>rn;:::" 

~""'"''"'\/'"'' of the levels of TDS found in oundwater to be used as 
the methods listed as "Methods known to be used limited number of 

RO may be used for TDS from brackish/saline 
to be used in Kern 

waters levels of TDS as found McKittrick 
Distillation processes that are sometimes used in desalination of seawater are 

rAr:nnru::r.,,n as "Methods not in use Public Water sv,~tArn;:::" 

Economic basis for classification of groundwater as Class Ill water 
The EPA document also for Class Ill 
viHimmv. The the economic of 
rll'ir\l<lrln water 

1 , Determine the size of the user nr"""''"r.r,n 
2. Determine the mean annual income per household 
3. Estimate the cost of water treatment processes to treat the 
3. Estimate the cost of the water treat and deliver the 
4. as Class 

7 
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household cost to 
median annuaflnt'nmo.:r. 

and 

The annual increase water rate for the "''"''"'"'""'' due to the cost of the 
mtt•.v""t.~r treatment or 1 0011/o ofthe current rate. 

ObJective 

to determine whether the McKittrick meets EPA's 
rJ::Jts:Aitvlr\o this water as Class Ill water based on economic evaluation. 

"Guidelines for Classification under the EPA unour1a-wa1ter Aa•encv 
the basis for the evaluation. The tasks were "'"''"""'.,.,."''n 

• The water 
issues '~"~"'"'l'·•..n 

• The cost of t""'::atinon to meet the reyu1a:tory 
were evaluated with current water cost in area. 

• The per household of the annual water treatment cost was evaluated. 
Potential exceedance of ool!able water cost threshold of annual was 
determined. 

• The 
WaS <:IV•OIU•I:>ICU, 

Report Outline 

"~""'"'"'"t"' the Oe1taiiE~Q 
results from economic featsib,ilitv "'"''"'""'"''" 
nr"''"'''""'*" the COncfUSiOnS Of fhe ::.n~*IV<:,.:><:: 

the increase in average household water rates 
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SECTION 2 .. WATER QUALITY EVALUATION AND PRELIMINARY 
SCREENING OF TREATMENT TECHNOLOGIES 

Evaluation of the McKittrick Area Water Quality and Treatment Goals 
A of well site was collected 
2001 and 2 shows some water 
of the levels t:rn~lvinru 

ri,.,,.,;.,,,.. water. As shown in the the 
TOS concentration 

water to be from 
the State Water Resource Control 

Resolution No. 83-63. the water contains sulfate at 
concentrations than the current MCls or action levels. 

of this evaluation are to evaluate treatment cost order to: 

• treatment process to reduce the concentrations of 
sulfate and boron from the McKittrick area order to meet l"'rl•'"',..,,., 

• Evaluate treatment costs for the identified orocess. 

Since historical water data for the not of 
of the constituents shown in 2 was considered the range of constituent concentrations 

treatment and cost evaluation. 

9 
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Table 3: Treatment 

Constituent 

Boron 26 

Chloride 1 

Sulfate 900 1 

Evaluation of Treatment Alternatives 
As discussed earlier <:::~<>r,tinr\c: 
concentrations of TDS boron 

The treatment alternative must 
meet the identified water standards. 

Treatment for TDS reduction 

Treatment prc•oossets 

Treatment process for boron removal 

1 

250 

Action Level 

~.:o.e.nn,rtl:ilrv MCL 

"'""''"""'
11

"''"' MCL 

technc•logiles were se11sctE~d 
MuJ:usu~ge Flash Distillation 

and Steam Jet 
w~<>l.J~<>nu• Osmosis 

In addition to TDS ~-··-.-~ r Y&I!MI"1i\tt:'lll distillatiOn and MAffl!'!,rl:lriA 

For 
to 1 CKe,nnE~ov,rJer 

lnn~t-J(~cn;:mt11A resins are to remove boron from some 
vendors indicated that most of boron removal studies so far have been 
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the TDS concentrations are "''"""lf''"""'tl" 
In the McKittrick area 

removal from waters l'rn1tl"'iinintn 
ac:J<j!t!c>n "''"""'nmaru invc~sti!~atilons indl,cate>d that the cost of treatment 

treatment with 

Selection of technologies for preliminary investigation 

Based on the 
evaluation. 

Distillation process Mechanical Vapor Compression (MVC) 

Mechanical vapor the most energy efficient distillation process for 
ae:sau:~na brackish water. The the water comes from the cornpress1ion 
vapor than the direct of heat from steam in a boiler. The MVC 
process uses a mechanical compressor to oondense vapor as to to 
"""J"'nr'r"'lt"" ir!'"""'mir•n water. 

processes. 

oo•"'rates with an internal of than 
tnr•.::.n"""*" with the scale control 

concentrations of 
Rvr~n::~nn.;:)r tubes. 

rhl.r~rlrl.:. addition 
1-'rt:•fr.:.,.trnAJr'lt may be waived if MVC is nnli'>fJ:IifArl 

units combine and c.v;~nr•rAl'inn 
has been seedoo with calcium ;:,u,•c:n•tt. 

prE1Ciflilta1te onto the calcium sulfate seed rf'IJ'!l!T~,., 
than onto the heat transfer surfaces. The ooncentrators can rh•~rnir<>llv 

TDS concentration from MVC condensate about 20 The "''"'"'""'"'' chloride 
rru~""'ntr·gfi•"tn<:: are to be well below the treatment 

Membrane technology Reverse Osmosis (RO) 

RO membrane ""'"'''"'"'tt'"'"' n•r""'"""'"' 
"'""l"""'''"''".n from the solutes 

necessary for this ser,ar;~tictn 
feed water. 
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In the saline feed water is into a closed vessel where 
the membrane. As a of the water passes 
water increases in content amount the 
stream for brackish water varies from 10 to 40 oe1·ce!rlt 
content of the feed water . 

• 
• 
• 
• 

The pressure needed for the water to 
pumps. This from 
54 80 bars for se<~W<:Iter 

The membrane and a membrane that the feed 
water to be The membrane must be able to withstand the 
entire across RO membranes made in a 
Two successful 
Both of these are used to 
construction of the membrane and vessel will vary n.:.ru::u,nu'ln 

the salt content of the feed water. 

to stabilize the water and it for "'"'"u""" 
such as and 11vr1rnt1An 

Reverse osmosis versus distillation technologies 

Treatment remove dissolved salt from water include thermal distillation and 
""""'·"""',.."'''"" processes. Within the desalination membrane such as 
reverse osmosis the choice for brackish while 
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both and m~Z~mtl.r~I'IA PI"OCE~SSE~S 
such as sea water. 
riAinArlriC: tO a extent On C!l'\ll<f'ifil" 

Preliminary cost evaluation of MVC and membrane processes 

leclhnciiOO!ies ~:~1n:m.l•l:ltt:~u treatment costs was 
similar to current water 

demand in the area this flow rate was used in the 
nr .. nrn;,.,,.,,, treatment cost evaluations. Treatment costs were based on 
OPEtra1:1on and maintenance and total annual cost of amortized 

'-'"'U"''" costs were amortized 20 years at interest rate 

Table 4: Values 

Parameter 

Dollar 

Interest Rate 

O&M 

""'~"·nv.::.n• factor of 0.0936. These amortization rates are 

Value 

38 

20 

30 

bonds. 

Unit 

costs 

per kW hr 

$ hr 
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Table 5: 

Based on oacked tower with AJVV 50:1 

Sand filtration 

RO 

MVC 140 kWh/1 000 treated 

Table 6: Planning level cost estimates for 1.8 MGD Reverse Osmosis and 

Treated Total 
water 
recovery cost 

of 

Reverse 80 1 

90 

Occidental of Elk Hills, Inc~ Exhibit 40-16 
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Total annual Total unit 
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7: Cost breakdown for Reverse Osmosis 

Process Total Annual 

cost 

Warm 2.7 1 

70 

Sand filtration 1 150 

Reverse 670 

Stabilization 20 

Disinfection 

Total 11 

Process Total 

cost 

2.7 1 

Sand filtration 

0.6 60 

Stabilization 

Disinfection 

Total 33 1 
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30 

100 

60 

60 

810 

40 

1 

190 

70 
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Tallie 9: Cost llreakdown for 'Seeded·Siurry' Vapor Compression System 

Process Total 

cost 

0.7 

Stabilization 

Disinfection 0.12 

Total 31 

Capital costs 

Membrane reo,lacement 
rnntntrl<::: the membrane FAI1il::!t''Amil'!nt 

of RO annual costs. 

Total annual costs 

Annual Total 
operliltlc•ns cost annual cost 

130 

30 

Total unit cost 

70 

30 

Total annual costs for vapor are 4 times 
costs for reverse osmosis. In of cost per acra~ft of treated water vapor 
l'nrnnr.,..::.::c~nn is to 4.0 Costs measured this 
reflect the water recovery the treatment RO A of 
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treated water from 1.8 MGD of feed whlleMVC 
MGD of feed water. 

Selection of treatment for planning level coat estimates 

1-l~:~'"~'~~"~t,. Osmosis is selected for detailed evaluation for rr~:~J;:~nnin McKittrick area 
for the reasons: 

• RO treatment cost 
• RO is rA"""'~;.,.~,r~ 

water 
a 

""'
1
""'

0 document as a treatment nrn,f'<><"'' 

dis1tillaltion is not as a t'nrnm•nnhi 

1.8 

and 
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SECTION TREATMENT COST EVALUATION FOR McKITTRICK AREA 
GROUNDWATER 

Design Flow Estimation for Treatment Cost Evaluation 

~:~rri!VIntn at the flow for RO treatment of 

• 

• 

• 

• 

Design flow rates selected for this study 

• 

• 

assumed that the 
concentration 
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Tabla 12.: Design criteria used for the treatment of McKittrick area 

Flow rate from well 
Flow rate of treated water 
Overall water recovery 

WARM PRECIPITATIVE SOFTENING 

Units 

Percent 
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Volume 
BOOSTER 

Sulfuric acid 
avg. 

avg. 
PRESSURE Fll TRATION 

Number of units 
Diameter 

rate 

Media 
0.85~0.95 mm anthracite inches 
No. 20sand 
Gamet 
Garnet x 12 mesh inches 
Gravel underdrain 

CARTRIDGE Fll TRA TION 

Number 
removed 

REVERSE OSMOSIS 

RO feed 

Flow rates 
feed flow rate gpm 

gpm 
flow rate gpm 

gpm 
Membrane Elements 

Number 
scheme 
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5 
12.5 12.5 
21.5 21.5 
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115 1 
0 
80 1 
35 595 

30 324 
3x2 3x2 

wound 
wound 
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Units 

inch 

165,000 gpd 

40 

5.0 
7.0 

2.8 

40 

5.0 
120.0 

41.7 

Warm softening for hardness and silica reduction 

The first of treatment process includes a warm nr~:>.t'II,U!:>1CI\l.::> <:nrr&ntnn 

removat A .. ntton.inn 

membrane and inl"''"'!:>~~"" 
process due to lower cost Warm nr..,, ... ;,..;t,.tinn 

chosen due to lower of 
removal of hardness and silica 

lnl"nm •• nn water at ambient will 

Warm softening unit for 165,000 gpd Influent flow 
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Warm precipitation unit for 2.85 MGD Influent flow 

A UUIII::ii:SI.Jt!Q l"llariltiAr 

DensaDog effluent quality 

Based on and model 
effluent will have a total hardness of about 100 

'""'""''"'n and boron 1 0 
ara not oinnifi,.urdi\J 1~\JfUt,t~U 

DensaDeg sludge disposal 

The is anl'ICI[latEKl 
smaller flow rate process 
flow rate case is exl>ec,ted 

a filter 
unit have a 2 meter 

from the filter press will have about 
,..,., ......... t., from the smaller unit and 100 

Cooling 

The *""'"',""''"<:at. 

vendors SU!~ge1sts 
about 11 
S heat t:>Vt•h<:ant"U!>I'" 

process at """'"''"''"'t t ........ ,.,..,,tt 
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Equalization tank 

Pressure filter 

Pressure filtration for "'V\'•'"'u 
Two multimedia 
the two filters 
filters 

DRAFT 

flow 

p,.,~.!ltlurA filtration for 2.85 MGD flow 

ODIEUa'led to remove the solids. 
'"'"'"'"''" rate for the 

OPlE!ratea at 

There will be &-ft diameter pressure units used in mode for this "'"'"",.11inn 

the units will be used at maximum ftow oonditions and two will be used as <::'"''"n·"'" 
1"'"''"'1"•,. rate will be about 4 filter units will be so that two can be 
oac::~<Wraslleo with the filtrate the other six units. The washwater 

routed to the head end of the 

Reverse Osmosis (RO) 

The filtered water will be routed to the RO 
chemical of 

flow 

'"'""'''"'·"'""osmosis will 
OOnSiSt Of the fnll.n•.uinn ~rnnrlnAI"'t~· 

elements housed in 5 pressure vessels "'""'"'"'"""~'~ 
int!E!rchar1oe1ablle banks of 5-micron filters that orececie 

line that return a of the stream to the int"'\nm.inn 

water be about 10.5. Based on model results and membrane vendor infr•rm<::~tir.n 
"""''""'"''"'t"' reoovery of 70% may be for area treatment The 

tvo1ce11Jv will at feed pressures from 220 

RO 2.85 MGD flow 

The RO units will be run 
on feed 
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RO elements. The RO 
ave~racre will be used. 

DRAFT 

'"''"'""""""''"' the TDS of RO effluent 

Water stabilization 

The 
that water 

Disinfection 

Disinfection will be ::ar:r~rrlnli•o;:hs:~.n 
w•vuut-u a 2.0 residual. 

eX!)ec:tea to be less than 2 
Level of 1 

Summary of water quality characteristics of various process units 

Table 13 summarizes the characteristics at various locations in the 
ororOOl>ed treatment process, The to remove about 90% of the 

of boron and 50% of silica. The RO to remove more than 9911/n 
of 97% of 95% of silica and 80% boron. The treated effluent to 
contain about 150 TDS and less than 2 boron. with 
treatment of similar waters did not a boron concentration of < 1 in the 
The may be evaluated to the boron concentration to below 1 

• the RO process 

• "'""'~"ifit" lnrn..&~Yf'!lrl::trln~ process to treat the RO n.:>f'fn.:>::!T.:> or 

• 

nn1tinr"" will involve additional treatment cost to that included in this 
""''"r'"'"" levels in the RO are to below the ""H'A'""'"' 
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Table Anticipated water quality characteristics In various treatment 
units 

100 
effluent 

RO 1 

stabilization < 1 

Treatment cost 

Table 14: 

low flow rate 

Treated 
water 

1 

150 

10.5 20 10 550 

0.5 85 

60 

area 

Total annual Treated 
cost cost water cost 

Table 15: Capital cost breakdown for RO treatment of McKittrick 

6.2 

Steam 127 
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Warm 204.5 

3 

Pressure 60 

RO 153 

Backwash tank 

Belt filter press 

Booster pump, and 10.5 

Other direct construction cost 217 
of the <>rUcttl"'tiM<>nt 

Indirect cost of the 
above 

lime 

Antiscalent 

Sulfuric 

800 

Occidental of Elk Hills, Inc. Exhibit 40-31 
San Joaquin Energy Consultants, Inc.- 1012114 

135 

204 

1 

196 

503 

Tulare Zone Aquifer Exemption Document 
Elk Hills Tulare Final100214 Rev1.docx 

ED_ 001 000 _ 00029908-00273 



DRAFT 

RO membrane elements 

Labor 

Maintenance 

1 

RO 

Miscellaneous 

Total annual O&M 

Economic Evaluation 

Comparison of treatment cost with current potable water cost 

area. 

Table 17: Current potable water cost and estimated groundwater treatment 
cost for McKittrick area 

Item 

Current Water Cost at McKittrick Area 
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DRAFT 

Evaluation of total water supply system coat for exceedance of threshold 
limit 

of 770 and the 2.85 MGO can serve a 
The year census indicates that as an average Kern 

hes 3.03 members per household and the annual ~~AI\nll1 1nrr'm"' 

"''"''"''""'"'' Accordinolv the annual water cost per household is about "~''·w,~''"' 
This about 75 and 13 of the annual 

A"':tti•m~tc. the McKittrick area meets criteria 
"""'"""'r'"'"''" as Class Ill not source of 
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DRAFT 

Table 18: Evaluation of total water supply system cost as a percentage of 
annual household Income in McKittrick area 

Service 
treatment 

served 

No. households served 

Median 

of 

Annual 
Income 

of household 

Exceeds EPA threshold limit 

975 

750 

710 

3.03 

253 

75 

Yes 

Information obtained from Year 2000 census data for Kern 

13 

CA. 

Evaluation of treatment process cost for Increase In annual water rate 

A second criteria EPA for Class m classification 
annual water cost should not be more than 100% or $4!"1!')flnj:ilr 

customers in the about for water. n<><>'-"'"' 
water number 

the current annual water cost average about 
household per year due to Increase in treatment cost about for the 

for the These amounts ere more than 
current water rate for en the McKittrick area. the 

increase in water cost will be more than on this 
the McKittrick area meets the EPA document to be 

~'~"'•~>inn~!·.,r~ as Class Ill not a source of water. 

34 
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DRAFT 

Table 19: Impact of treatment process cost on annual water rate In 
McKittrick area 

500 

household 

Household oost due to 
McKittrick 
treatment 

Increase in annual water 

Exceedance of EPA threshold Yes 
water oost criteria of 
annual 

Percent increase in annual 
water cost 

Exceedance of EPA threshold Yes 
water cost criteria 
current water 
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SECTION 4 .. CONCLUSIONS 
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DRAFT 

APPENDIX A 

DETAILS OF CAPITAL AND O&M COST BREAKUP FOR TREATING 
McKITTRICK GROUNDWATER AT THE TWO FLOW RATES 
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